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PREFACE   BY  THE   DIRECTOR. 


This  volume,  the  fifth  of  the  '  Special  Reports  '  to  be  devoted  to  an  account  of 
iron-ores,  deals  with  some  of  the  most  important  of  our  home-resources.  The 
strata  that  cany  the  ore  occur  as  members  of  a  series  of  sedimentary  deposits,  and, 
as  such,  are.  distinct  from  the  veins  and  other  ore-bodies  described  in  previous 
volumes.  They  are  found  in  formations  ranging  in  age  from  the  Lias  upwards, 
and  though  the  ore  is  mostly  of  low  grade,  it  is  abundant  and  much  of  it  accessible 
either  by  quarrying  or  shallow  mining. 

In  Cleveland,  opencast  working  has  been  almost  replaced  by  mining.  The 
Midland  iron-fields  include  a  visible  outcrop  and  an  adjacent  area  thinly  covered 
by  newer  formations,  but  capable  of  being  worked  in  the  open.  In  addition  there 
exists  in  several  cases  an  underground  extension,  which  is  more  deeply  buried 
and  the  value  of  which  remains  to  be  ascertained,  the  productiveness  being 
dependent  upon  such  factors  as  persistence  of  the  ore-bed  as  regards  thickness 
and  composition,  and  the  cost  of  mining  as  compared  with  that  of  open  quarrying. 

Persistence  in  composition  especially  calls  for  consideration.  The  ores  in 
every  case  have  been  funned  wholly  or  partly  by  the  replacement  of  carbonate  of  lime 
by  an  iron-compound,  though  whether  that  replacement  was  '  contemporaneous,' 
that  is,  effected  before  the  succeeding  strata  were  laid  down,  or  took  place  subse- 
quently, is  a  debatable  question.  However  this  may  have  been,  it  is  a  fact  that 
the  replacement  has  come  into  operation  sporadically.  The  Marlstone,  for 
example,  is  workable  as  an  ore  in  Cleveland,  Lincolnshire,  Oxfordshire  and  some 
adjacent  comities,  but  has  not  been  sufficiently  enriched  to  be  worth  raising  in 
intervening  parts  of  its  outcrop.  The  Corallian  and  Cretaceous  ores  are  no  i  sss 
sporadic  in  their  developments.  It  may  be  supposed  that  enrichment,  when  of  a 
subsequent  age,  was  determined  by  local  conditions,  such  as  the  character  of  the 
associated  strata,  geological  structure  and  the  circulation  of  underground  water. 
The  necessary  conditions  existed  hi  various  districts  from  Raasay  to  Lorraine, 
and  recurred  at  several  episodes  of  Mesozoic  times,  but  that  they  were  strictly 
local  in  their  effects  must  be  bome  in  mind  in  estimating  the  reserves  of  our 
concealed  Mesozoic  iron-fields. 

Another  alteration,  certainly  of  subsequent  age,  consists  in  the  enrichment  of 
an  ore-bed  by  weathering.  From  that  part  of  it  which  has  been  exposed  at  the 
surface  by  denudation,  enrichment  has  taken  place  mainly  by  the  removal  of 
carbonate  of  lime  hi  solution,  whereby  the  percentage  of  iron  has  been  increased. 
In  some  districts  profitable  working  is  confined  to  the  areas  hi  which  this  enrich- 
ment has  taken  place. 

An  estimate  of  reserves  of  the  bedded  Mesozoic  ores  falls  under  the  same 
two  heads  as  that  for  reserves  of  coal,  namely  areas  which  have  been  proved, 
and  areas  in  which  the  existence  of  ore  is  regarded  as  probable  on  geological 
evidence.  An  estimate  published  in  the  *  Summary  of  Progress  for  1917.'  1918, 
p.  7,  accordingly  gives  the  figures  for  Mesozoic  ores  under  the  two  titles  "  Resei 
more  or  less  developed"  and  ''Probable  additional  Reserves."  The  pre 
volume  contains  the  evidence  on  which  those  figures  are  iounded. 

It  must  be  remembered,  however,  that  a  rock  containing  sufficient  iron  to  be 
worth  working  under  the  existing  conditions  of  demand  and  supply  may  not  be 
worth  working  under  other  circumstances.  The  Coal  Measure  ores  for  example 
at  one  time  formed  a  principal  source  of  British  iron  but  are  now  almost  neglected 
in  favour  of  the  Mes<  zoic  ores.  The  value  of  reserves  therefore  depends  partly 
upon  the  fluctuating  relations  of  demand  and  supply. 

The  field-work  required  for  the  investigation  of  Mesozoic  ores  was  done  in  1917 
by  Mr.  Lamplugh,  Mr.  Wedd  and  Mr.  Pringle,  under  the  superintendence  of  the 
first-named.  Mr.  Lamplugh  himself  furnishes  an  account  of  the  Cleveland 
district  and  of  some  minor  occurrences  of  historic  interest.  The  description  of 
the  ores  of  Lincolnshire,  Leicester,  Rutland  and  Northamptonshire  has  been 
written  by  Mr.  Wedd.  and  is  continued  through  Northamptonshire  and  Oxford- 
shire by  Mr.  Pringle,  who  also  deals  with  the  ores  i  f  Wiltshire  and  Dorset. 

We  have  to  make  acknowledgment  of  the  unfailing  courtesy  with  which  we 
have  been  met  by  the  numerous  firms  whom  it  was  necessary  to  approach.  In 
all  cases  free  access  was  given  to  workings  and  plans,  and  frequently 

"oice  was  rendered.     Much  statistical  information  had  already  b  sen  supplied 
to  the  Mini-try  of  Munitions,  and  of  this  we  have  been  courteously  permittei 
make  full  use.     The  list  of  firms  and  individuals  to  whom  we  are  indebted  is  too 
lengthy  for  insertion  here  :   acknowledgments  are  made  in  the  appropriate  places 
in  the  text. 

A.  Stuaii.vx. 

Director. 

Geological  Survev  Office,  28,  Jermy.i  Street, 
London,  S.W.  1. 

\9lh  March,  1919. 


BEDDED  IRON  ORES  OF  THE  LIAS,  OOLITES  AND  LATE  I; 
FORMATIONS  IN  ENGLAND, 

CHAPTER   I. 
GENERAL    INTRODUCTION. 

By  Li.    \V.  Lamfllgh. 

The  ironstones  occurring  as  bedded  deposits  among  the  newer 
rocks  of  this  country  have  been  utilised  ironi  prehistoric  times, 
but  it  was  not  until  nearly  the  middle  of  last  century  that  they 
sprang  into  importance  as  a  source  of  iron  on  a  large  scale.  Since 
then,  their  economic  consequence  has  steadily  increased,  so  that 
now  they  supply  by  far  the  greater  part  of  the  iron  obtained  from 
our  native  ores. 

The  ores  are  all  of  low  grade,  most  of  them  ranging  in  the 
neighbourhood  of  oO  per  cent,  in  their  iron  content,  few  rising 
to  40  per  cent,  and  some  falling  as  low  as  20  per  cent. 

The  value  of  a  rock  as  an  iron-ore,  however,  does  not  depend 
solely  upon  its  percentage  of  iron,  but  upon  its  general  composi- 
tion and  behaviour  when  smelted.  Thus,  a  rock  containing 
much  silica  and  little  or  no  lime,  along  with  a  certain  proportion 
of  iron,  may  be  rejected  under  present  practice  as  worthless,  on 
account  of  its  refractoriness,  while  a  rock  containing  less  silica 
and  much  lime,  along  with  the  same  proportion  of  iron,  may  be  a 
valuable  smelting  ore.  The  proportion  of  the  minor  constituents, 
particularly  of  the  manganese,  phosphorus  and  sulphur,  is  like- 
wise of  great  practical  consequence.  Hence,  a  rock  containing 
20  to  24  per  cent,  iron  may  be  a  detrimental  '  shale,'  to  be  care- 
fully separated  from  the  '  ore,'  or  it  may  be  a  '  good  stone,'  to 
be  passed  through  the  smelter.  Moreover,  with  changes  and 
improvements  in  the  systems  of  smelting,  a  rock  that  has  been 
valueless  for  one  method  may  become  valuable  for  another. 
Therefore  no  sharp  division  can  be  drawn  between  the  ferruginous 
rocks  that  are  to  be  accounted  as  ores  and  those  that  are  not. 
Few  rocks  are  entirely  free  from  iron,  and  in  many  shales  and 
ferruginous  limestones  and  sandstones,  such  as  occur  in  thick 
masses  in  the  Lias  and  Oolites,  the  percentage  ot  metallic  iron 
ranges  often  between  5  and  10  per  cent.  Even  from  such  rocks 
it  would  be  practicable  to  extract  iron,  though  not  profitable,  so 
long  as  richer  material  is  available.  At  present  about  20  per 
cent,  appears  to  be  the  lowest  limit  for  a  smeltable  stone  combining 
all  the  desirable  qualities,  and  about  26  per  rent,  for  a  stone  in 
which  the  elements  are  le>^  favourably  mixed.  No  stone  of  lower 
content  than  20  per  cent,  has  been  included  in  the  estimates  < ■  t 
reserves  given  subsequently  in  this  memoir. 

Ironstones  recognised  as  of  ore-quality  occur  at  one  place  or 
another  in  nearlv  every  geological  division  of  the  stratified  rooks, 
but  in  most  cases  as  thin  Beams  or  discontinuous  nodules  which 
could  not  be  profitably  extracted.  More  rarely,  however,  the  <eams 
of  iron-bearing  rock  are  many  feet  in  thickne-s  and  extend  over 
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Fig.  1. — Sketch-map  showing  the  position  of  Ironstones  in  the  Taos, 
Oolites  and  later  formations  in  England. 
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many  square  miles,  and  they  then  become  of  great  practical  value. 
It  is  from  seams  of  this  kind  that  the  great  iron-fields  of  Cleve- 
land, North  Lincolnshire,  Leicestershire,  etc.,  Northamptonshire 
and  Oxfordshire  draw  their  supplies. 

The  following-  Table  of  English  Formations  (p.  4)  newer  than 
the  Trias,  in  which  the  principal  occurrences  of  iron-ore  are  indi- 
cated, will  serve  to  show  the  relative  stratigraphieal  position  of 
the  deposits  described  in  the  succeeding  chapters. 

The  sketch-map,  Fig.  1.  shows  the  general  arrangement  of  the 
formations  and  the  position  of  the  ironstone  districts. 

It  will  be  seen  that,  at  present,  the  Lias  and  the  Lower  Oolites 
are  the  formations  from  which  nearly  all  the  English  supplies 
of  ore  from  the  Secondary  rocks  are  drawn.  The  other  forma- 
tions from  which  ores  are  or  have  lately  been  extracted  are  the 
Corallian  and  the  Lower  Cretaceous,  both  of  which  are  likely  to 
be  worked  further  in  the  future.  The  deposits  in  the  other 
formations  are  probably  all  negligible  from  the  economic  point 
of  view,  except  that  small  quantities  of  ore  might  occasionally 
be  gleaned  from  them  during  excavation  for  other  purposes. 

Lower  Lias. 

The  predominant  components  of  the  Lower  Lias  throughout 
England  are  sandy  shales  and  impure  flaggy  limestones,  generally 
somewhat  ferruginous  but  rarely  rich  enough  to  be  used  as  ore. 
In  North  Lincolnshire,  however,  a  portion  of  the  series  becomes 
greatly  enriched  and  makes  a  valuable  ore  which  is  worked  on  a 
large  scale,  constituting  the  old  established  and  prosperous 
Frodingham  district,  described  in  chapter  iv.  This  ore-field 
extends  for  about  T  miles  from  north  to  south,  terminating  north- 
ward before  reaching  the  Humber.  and  southward  in  the  couutry 
between  Frodingham  and  Gainsborough;  but  in  the  same  belt 
farther  southward  the  beds  (usually  impure  limestones)  show  a 
tendency  toward  the  ferruginous  condition,  and  have  been  tried 
in  some  parts  as  ores  (see  p.  72).  Thin  ferruginous  bands  and 
ironstone  nodules  are  of  common  occurrence  in  other  places, 
particularly  in  the  upper  part  of  the  series  in  Gloucestershire  (see 
'  Jurassic  Rocks,'  vol.  iii,  pp.  302-3)  where  the  nodule-beds  were 
at  one  time  worked. 

Middle  Lia^. 

The  Middle  Lias  is  the  richest  in  iron-ore  oi  all  the  English 
Secondary  formations,  and  is  generally  in  pari  ferruginous  even 
in  the  districts  where  its  iron  is  no1  sufficiently  concentrated  to 
form  an  ore.  It  carries  the  great  ironstone  fields  of  Cleveland 
(chap,  ii),  East  Leicestershire  with  Mid  Lincolnshire,  etc.,  and 
Oxfordshire,  etc.  (chap,  v):  but  the  similar  deposit  of  Raasav  in 
Scotland  has  now  been  proved  to  fall  within  the  Upper  Lias.  (See 
'  Special  Reports,'  vol.  xi,  'The  Iron  Ores  of  Scotland').  The 
workable  deposits  in  England  are  confined  to  the  upper  portion  of 
the  formation,  known  in  the  Midlands  as  the  'Marlstone  or  'rock- 
bed,'  which  in  different  parts  of  its  course  varies  from  an  oolitic 
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ironstone  largely  composed  of  ferrous  carbonate  to  a  ferruginous 
limestone  or  to  a  calcareous  sandstone  comparatively  poor  in  iron. 
The  lower  part  of  the  division  is  usually  composed  of  sandy  shales 
devoid  of  workable  ore. 

In  Cleveland  the  principal  ore-bed,  known  as  the  Main  Seam, 
occurs  at,  or  close  to,  the  top  of  the  division.  In  its  unweathered 
state  this  bed  consists  largely  of  ferrous  carbonate,  occurring  both 
as  distinct  globules  or  '  oolite  grains  '  and  as  a  fine-grained  matrix 
in  which  the  globules  are  embedded.  It  extends  from  west  to 
east  right  across  the  field,  but  splits  and  deteriorates  in  a  few 
miles  when  traced  southward  (see  Figs.  2  and  o\  pp.  15,  16).  It 
ranges  in  thickness  Erom  about  eleven  feet  in  the  north  to  under  six 
feet  in  the  south  of  the  worked  area,  and  yields  at  present  practi- 
cally the  whole  of  the  iron-ore  raised  in  Cleveland.  There  are  at 
least  three  thin  lower  seams  of  ironstone  in  the  Middle  Lia-  of 
the  district,  but  comparatively  little  work  has  been  done  on  them, 
and  it  is  doubtful  whether  they  will  ever  pay  lor  extraction  on  a 
large  scale  (see  chap,  ii,  pp.  19-25). 

In  South  Yorkshire  and  North  Lincolnshire  the  Middle  Lias 
does  not  carry  sufficient  iron  to  be  worth  working,  but  in  part  of 
the  Midland  district  it  again  becomes  an  important  source  of 
supply.  Here  the  upper  portion  of  the  subdivision  known  as  the 
1  Marlstone  '  usually  takes  the  form  of  a  ferruginous  limestone 
carrying  20  per  cent,  or  under  of  iron,  which  is  hardly  rich 
enough  to  be  utilised  as  an  ore  in  its  unweathered  condition,  but 
becomes  a  good  oxidised  ore  where  exposed  at  the  surface,  owing 
to  the  removal  of  most  of  the  lime  by  the  solvent  action  of  perco- 
lating water  and  the  concentration  of  the  iron.  As  the  fer- 
ruginous rock  is  more  resistant  than  the  shales  which  normally 
occur  above  and  below  it,  small  plateaux  capped  by  this  band  are 
frequently  developed  by  the  process  of  weathering,  so  that 
although  the  rock  is  comparatively  thin  (sometimes  under  10  feet 
and  rarely  over  20  feet),  there  is  in  many  places  a  broad  bare 
outcrop  of  it  which  has  been  converted  into  ore,  with  an  iron 
content  ranging  from  30  per  cent,  (or  a  little  under)  to  nearly 
40  per  cent.  An  area  of  this  kind  forms  the  Easi  Leicestershire 
field  (chap,  v,  p.  128)  north  of  Melton  Mowbray;  another  is  the 
Oxfordshire  field  (chap,  v,  p.  136)  around  Banbury.  In  its 
further  prolongation  south-westward  through  Gloucestershire  and 
beyond,  the  Middle  Lias  includes  some  thin  seuns  and  nodule- 
bands  of  ironstone,  but  not  in  quantity  sufficient  tor  working. 

Upper    Lias. 

The  Upper  Lias  in  England  i>  mostly  a  shaly  formation  with 
some  thin  earthy  limestone  in  places.  The  shales  are  often 
pyritous  and  may  contain  up  to  7  percent,  of  iron,  and  frequently 
include  bands  of  nodules,  but  no  workable  iron-ore  has  been  found 
in  them.  The  occurrence  of  the  Raasay  ore  in  this  division  in 
Scotland  has  already  been  mentioned. 

Lower    Oolites. 

The  Lower  Oolites,  which  come  next  to  the  Middle  Lias  in 
importance  as  a  source  of  iron-ore,  are  a  variable  series  of  deposits. 
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among  which  limestone  generally  predominates,  except  in  North, 
Yorksnire  where  the  division  is  composed  mainly  of  sandstones 
and  shales  or  clays  with  relatively  thin  and  impure  calcareous 
bands.  Some  of  the  thicker  and  more  extensive  sheets  of  lime- 
stone are  remarkably  pure,  but  many  of  the  thinner  bands  are 
variably  intermingled  with  sandy  and  clayey  material,  and  are 
generally  more  or  less  ferruginous.  Occasionally,  in  the  lower 
part  of  the  division,  there  has  been  a  local  concentration  of  iron,, 
which  appears  to  have  replaced  the  calcareous  constituents  of  the 
rock,  and  in  these  places  the  rock  becomes  a  valuable  ore.  The 
chief  deposits  of  this  kind  occur  in  Northamptonshire  and  the 
neighbouring  counties  where  the  ferriferous  rock  varies  from 
6  feet  to  15  feet  in  thickness,  and  carries  on  the  average,  about 
32  per  cent,  of  iron.  Though  the  ores  of  this  field  have  been 
worked  for  many  years,  only  the  outcrop  of  the  band  has  as  yet 
been  broached  and  the  reserves  are  so  large  that  this  area  is  likely 
to  become  of  increasing  importance  to  the  iron  industry  (chap, 
vi).  South-westward  the  rocks  of  this  belt  change  their  char- 
acter and  contain  no  workable  ore,  while  to  the  northward  of 
Grantham  the  ore-bed  deteriorates  and  becomes  patchy,  so  that 
no  great  yield  can  be  expected  from  it.  In  Yorkshire  although  the 
whole  sequence  of  the  Lower  Oolites  is  different,  there  is  again  a 
well-marked  concentration  of  iron  in  the  lower  beds,  known  as 
the  '  Dogger,'  and,  in  the  aggregate,  a  .considerable  quantity  of 
ore  has  been  obtained  from  the  richer  patches,  which  appear  now, 
however,  to  be  nearly  exhausted  (chap,  ii,  pp.  25-31).  Some  thin 
bands  of  ironstone  also  occur  in  the  higher  part  of  the  series  in 
Yorkshire,  but  are  hardly  likely  to  prove  of  economic  value. 

Middle    Oolites. 

The  most  persistent  member  of  the  Middle  Oolites  is  a  thick 
mass  of  clay,  the  '  Oxford  Clay,'  which  forms  the  middle  of  the 
division  and  is  nearly  continuous  in  the  interior  from  the  coast 
of  Yorkshire  to  the  coast  of  Dorset.  The  clay  contains  a  little 
disseminated  iron  but  nowhere  yields  iron-ore.  It  passes  down- 
ward into  sandy  calcareous  beds,  the  '  Kellaways  Hock,'  which  are 
often  locally  ferruginous,  but  not  rich  enough  for  present-day 
requirements,  though  they  appear  to  have  been  smelted  on  a  small 
scale  at  some  time  in  the  past  in  North  Yorkshire  ('  Jurassic 
Rocks,'  vol.  i,  Yorkshire  '  p.  434).  In  some  of  the  recent  borings 
in  Kent  in  which  the  Kellaways  Hock  was  passed  through,  it  was 
more  than  usually  ferruginous,  but  is  said  to  contain  too  much 
sulphur  to  be  acceptable  as  an  ore  (see  pp.  225-6  for  analyses). 

Above  the  Oxford  Clay  there  comes  a  variable  series,  named 
the  Corallian  Beds,  consisting  partly  of  limestones  and  partly  of 
calcareous  sandstones,  clays,  and  ferruginous  marls  or  marl- 
stones.  The  mixed  beds  of  this  series  are  often  sprinkled  with 
round  polished  grains  of  ferric  oxide,  and  in  places  these  '  iron- 
shot  '  grains  are  segregated  thickly  enough  to  bring  the  rock  into 
the  grade  of  an  iron-ore.  This  is  the  case  at  "Westbury  in  Wilt- 
shire and  at  AbbotsDTiry  in  Dorset,  the  ore  in  both  districts 
occurring  at  about  the  top  of  the  Corallian  beds,  though,  on 
the  evidence  of  its  fossils,  the  Abbotsbury  deposit  is  now  believed 
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to  range  above  the  Corallian  into  the  lower  j>art  of  the  overlying 
division,  the  'Kimmeridge  Clay.'  The  yield  of  iron  from  these 
ores  ranges  from  30  to  4U  per  cent. ;  they  are  extensively  worked 
at  Westbury  (see  chap,  vii,  p.  2IG).  A  similar  ore-bed  has  been 
found  at  a  slightly  lower  level  in  Corallian  rocks  in  deep  borings 
in  East  Kent,  and  is  likely  to  become  of  economic  consequence 
(seep.  223). 

Upper    Oolites. 

Whatever  iron  there  is  in  the  Upper  Oolites  is  sparsely  dis- 
seminated, and  nowhere  in  England  has  any  ironstone  of  economic- 
value  been  found  in  this  division  unless  we  reckon  the  Abbot  sbury 
deposit,  mentioned  in  the  last  paragraph,  as  belonging  to  it.  Its 
lower  part  is  made  up  of  the  Kimmeridge  Clay,  consisting  mostly, 
as  the  name  implies,  of  clay  or  shale,  but  occasionally  with 
sandy  calcareous  bands  toward  the  base  which  are  sometimes 
'  ironshot.'  The  Portland  Beds,  next  above  the  Kimmeridge 
Clay,  are  mainly  composed  of  sand,  calcareous  sand  and  limestone; 
and  the  Purbeck  Beds,  at  the  top  of  the  division  are  a  variable  and 
thin-bedded  series  of  clays,  shale,  and  impure  limestones,  with 
much  gypsum  in  places. 

Cretaceous. 

The  Lower  Cretaceous  rocks  in  many  parts  of  their  range  are 
more  or  less  ferruginous,  but  rarely  approach  the  ore-quality.  In 
the  Upper  Cretaceous,  iron  is  scarce  throughout  excepting  very 
locally  in  thin  bands  at  the  base  of  the  Eed  Chalk  in  the  north, 
and  of  the  Gault  in  the  south,  which  are  not  likely  to  have 
economic  value. 

At  present  no  Cretaceous  ironstone  is  being  worked  in  England, 
though  some  Lower  Cretaceous  ores  have  been  got  in  recent  times 
and  may  be  opened  up  again  in  the  future.  Chief  among  these 
are  the  deposits  in  the  neighbourhood  of  Claxby  and  Tealby  in 
Lincolnshire  (described  in  chap.  vii.  p.  210),  and  those  of  Seend 
in  Wiltshire  (chap,  vii,  p.  220).  Sandy  beds  that,  from  the 
iron-content  alone,  might  be  regarded  as  lean  ore  occur  in  other 
parts  of  the  outcrop,  e.g.,  at  Kirby  Underdale,  East  York-. 
(p.  208)  and  Midhurst,  Wesi  Sussex  (p.  228).  but  the  high  percen- 
tage of  sand  at  present  renders  them  practically  worthless.  If  some 
cheap  method  could  be  devised  for  concentrating  the  iron  particles 
and  separating  them  from  the  bulk  of  the  Band-grains,  these 
deposits  would  become  serviceable.  Therefore  they  deserve  to  be 
taken  into  account  in  considering  the  iron-reserves  of  the  country. 
In  other  parts  where  the  distributed  iron-content  of  the  Bands 
may  be  so  low  as  to  be  quite  negligible,  there  has  frequently  been 
a  cementation  of  the  sand  by  iron-oxide  along  joints  and  bedding- 
planes  forming  thin  cakes  or  seams  of  '  hard-pan  '  or  '  ferricn 
rich  enough  to  be  reckoned  a<  lean  siliceous  ore.  The  quantity 
of  this  material  in  any  particular  district  is  not  enough  to  justify 
the  working  of  the  deposits  for  its  recovery,  but  where  they  are 
worked  for  other  purposes  small  lots  might  be  cheaply  obtainable 
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from  time  to  time  from  the  spoil.  The  Lower  Greensands  of  Bed- 
fordshire and  West  Susses  are  areas  in  which  such  material  is 
fairly  plentiful. 

Clay-ironstones,  somewhat  similar  to  those  of  the  Coal  Measures 
in  composition  and  in  mode  of  occurrence,  are  widely  distributed 
in  the  Wealden  deposits  of  Kent  and  Sussex,  being  most  abundant 
in  the  subdivision  known  as  the  Wadhurst  Clay.  They  occur 
both  in  the  form  of  nodules  and  in  thin  lenticular  bands.  In  old 
times  they  formed  an  important  source  of  British  ore,  being 
smelted  in  the  neighbourhood  of  their  occurrence  with  charcoal 
produced  from  the" Wealden  forests.  The  industry  lingered  on 
into  the  beginning  of  last  century  and  was  then  extinguished. 
Both  the  quantity  and  the  quality  of  the  ironstone  are  such  that 
there  is  little  prospect  of  its  revival  even  under  the  change  of 
conditions  brought  about  by  the  discovery  of  deep-seated  coal  in 
Kent.  Some  further  account  of  the  ore  and  of  the  old  industry  is 
given  in  chap,  vii,  p.  226. 

Tertiary. 

Sparingly-ferruginous  deposits  occur  at  several  levels  in  the 
Tertiary  strata  of  the  South  and  South-east  of  England,  but 
nowhere  in  quantity  or  quality  sufficient  to  make  them  of  worth. 
At  one  English  locality,  however,  viz.,  Hengistbury  Head  near 
Bournemouth,  a  concretionary  iron-ore  of  Tertiary  age  was 
quarried  and  also  collected  from  the  shore  in  some  quantity  for 
shipment  to  distant  smelting  centres  about  the  middle  of  last 
century  (p.  229).  The  ore  is  reported  to  contain  about  00  -er  cent, 
of  iron.  Other  occurrences  of  Tertiary  ores  are  mentioned  on 
p.  230. 


CHAPTEK   II. 

CLEVELAND  DISTRICT  (LIAS  AND  OOLITE;. 

By  Gk  W.  Laaiplugh. 

INTBODTTCTION. 

Amoug  the  stratified  iron-ores  of  Britain  those  of  the  Cleveland 
district,  North  Yorkshire,  take  first  rank,  both  in  respect  to  output 
and  industrial  consequence.  These  ores  occur  as  interbedded 
deposits  in  the  upper  part  of  the  Middle  Lias,  and  are  almost 
wholly  obtained  from,  a  band  known  as  the  Main  Seam.  After 
some  minor  trials  on  the  coast,  the  exploitation  of  the  Main  Seam 
on  a  large  scale  was  begun  in  the  year  1850  at  its  northern  outcrop 
near  Eston.  It  rose  rapidly  to  a  great  industry  and  has  since  been 
continuous,  the  annual  output  of  ore  for  the  last  -J)  years 
averaging  close  upon  six  million  tons  (see  p.  35).  The  growth 
of  the  town  of  Middlesbrough  and  of  the  iron  and  shipping 
industries  of  the  Tees  estuary  have  been  due  mainly  to  the 
development  of  the  Cleveland  ironstone. 

The  geological,  chemical,  industrial  and  historical  aspects  of 
the  Cleveland  field  have  given  rise  to  an  extensive  literature,  to 
which  references  will  be  found  in  the  selected  list  given  on  p.  63. 
The  country  was  maimed  by  the  Geological  Survey,  on  the  scale 
of  6  inches  to  the  mile,  about  41)  years  ago;  geological  maps  on 
the  scale  of  1  inch  to  the  mile  were  published  for  the  whole 
area,  and  on  the  6  inch,  scale  for  the  neighbourhood  of  the  coast 
and  part  of  the  ironstone  field.  The  maps  were  accompanied  by 
descriptive  Memoirs  and  by  separate  Sheets  of  Horizontal  Sections 
(for  titles  and  particulars  see  Bibliographical  List).  The  purpose 
of  the  present  account  being  to  deal  with  the  conditions  new 
existing,  the  reader  is  referred  to  the  previous  literature  for  the 
history  oi  the  industry  and  lor  discussions  as  to  the  origin  of  the 
ore,  etc.  The  following  stratigraphical  particulars  are  largely 
compiled  from  the  Geological  Survey  Memoirs  above  referred  to. 

Stratigraphy  of  the  Oee-beds. 

In  North-east  Yorkshire  the  upper  part  of  the  Middle  Lias 
characterised   generally    by    the    presence   ol    ferruginous    bands 
traceable  over  wide  areas,  but  showing  lateral  changes  in  thick- 
ness and  composition. 

The  following  is  a  generalised  section  through  the  series  in  the 
northern  part  of  the  district,  where  .  the  ironstone  is  most 
plentiful :  — 
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Thickness. 

Feet. 

Upper  Lias  Shales  ...         ...         ...         ...         •••         •••  — 

f  ( Shale,  or  dogger,  variable        0     to     6 

1  Main  Seam  of  ironstone  ...         ...     6     ,,11 

,y   |  Shale  and  '  Black  Hard  '  ...         ...     2£  ,,      5 

<  Pecten    Seam   (alternations    of    iron-     l£   ,,      6 

"      ,                    a                    stone  and  shale,  variable). 
^  Ironstone  Series  <J  ghale       3     ^      6 

Two-foot  Seam  1|  ,,      2h 

Shale        20  „    30 

Avicula  Seam    (ironstone    and    shale,  0  —     3 
^     discontinuous). 
I^Sandy  Series      ...     Sandy    shales    and    flaggy    calcareous 

sandstones     ...         ...         ...         ...  70  to  90 

Lower  Lias  shales  and  sandy  calcareous  band-.. 

The  stratigraphy  of  the  district  is  shown  on  the  Geological 
Survey  1  inch  =  l  mile  Map,  Sheet  34  New  Series,  which  covers 
nearly  the  whole  of  the  active  mining  area.  The  structure  is 
fully  illustrated  by  the  Sheets  of  Horizontal  Sections,  Nos.  131, 
132,  133  and  134,  with  short  accompanying  '  Explanations,' 
published  by  the  Survey.     (See  also  Bibliographical  List,  p.  62). 

The  general  dip  of  the  strata  is  south-eastward,  so  that  the  iron- 
stone series  is  highest  above  sea-level  in  the  north-westward  part 
of  the  district;  but  faults  and  undulations  interfere  locally  with 
this  prevalent  arrangement.  Most  of  the  faults  are  too  small 
materially  to  affect  the  mining  of  the  ironstone,  but  two  are  of 
consequence  in  this  respect :  (1)  The  Upsall  Fault,  running 
E.N.E.-W.S.W.  south  of  the  Eston  Hills,  with  a  northerly  down- 
throw having  a  maximum  of  about  400  feet  but  diminishing 
rapidly  eastward,  cuts  out  the  ironstone  in  a  broad  wedge-shaped 
tract  expanding  westward  from  Guisbrough,  and  causes  a  duplica- 
tion of  the  outcrop ;  (2)  The  Lockwood  Beck  Fault,  running  nearly 
N.-S.,  has  an  easterly  downthrow  which  attains  240  feet  in  the 
Staughow  Mine  but  diminishes  northward;  it  forms  a  barrier 
between  the  workings  which  reach  it  from  the  opposite  sides. 
The  undulations,  causing  broad  synclines  and  anticlines  in  several 
parts  of  the  mining  district,  are  described  in  detail  in  the  '  North 
Cleveland'  memoir  (pp.  74-76);  their  principal  economic  effect  is 
to  carry  down  the  ironstone  in  the  south-central  part  of  the 
mined  area,  so  that  at  the  bottom  of  the  basin  (in  the  Liverton 
and  Kilton  Mines)  it  lies  more  than  250  feet  below  sea-level.  The 
mines  around  the  edge  of  the  basin  are  mostly  worked  by  day- 
levels;  those  within  the  depressed  area  are  shaft-mines,  the 
sinking  being  carried  down  through  the  overlying  Oolites  and 
UpTier  Lias  to  the  Ironstones.  The  deepest  shafts  at  nresent 
working  are  (depths  to  Main  Seam): — North  Skelton  720  feet, 
Kilton  680  feet,  and  Lingdale  620  feet. 

At  present  no  ironstone  is  won  from  the  Middle  Lias  south  of 
the  Leven-Esk  valley,  though  the  Main  Scam  was  formerly  mined 
rather  extensively  at  Swainby  on  the  western  escarpment  (Fig. 
4,  p.  18),  and  the  Pecten  and  Avicula  seams  at  Grosmont  and  the 
neighbourhood  (pp.  20,24).  The  formation  continues  to  include 
ferruginous  bands  as  far  south  as  the  Derwent,  but  not  of  work- 
able quality  or  thickness.     Between  the  Derwent  and  the  Humber 
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the  Middle  Lias  is  always  thin,  and  in  places  absent.  Ferruginous 
bands  have  been  observed  in  it  near  Goodmanham  (Market 
Weighton  district)  and  below  Sancton  ;  an  analysis  of  the  rock  at 
Cauldwell  Spring  near  the  last-mentioned  place  yielded,  in  the 
dried  stone,  iron,  22'80;  silica,  8'80  ;  lime,  20'50  per  cent.,  etc., 
with  iron  in  the  calcined  stone,  3145  per  cent.1 


Composition  of  the  Ore. 

The  following  description  of  the  ore  from  the  Main  Seam  near 
the  northern  outcrop  is  given  by  Mr.  A.  Dick.2  All  the  Middle 
Lias  seams  of  the  district  are  essentially  similar  in  composition, 
but  they  show  much  local  variation  in  the  proportion  of  the  oolitic 
granules  to  the  matrix,  and  in  the  amount  of  sandy,  clayey  and 
limy  matter  present. 

"  Description. — Chiefly  a  carbonate  of  protoxide  of  iron  :  lustre, 
earthy;  colour,  greenish  grey;  streak,  similar;  fracture,  uneven, 
showing  here  and  there  small  cavities,  some  of  which  are  filled 
with  carbonate  of  lime.  Throughout  the  ore  are  diffused  irregu- 
larly a  multitude  of  small  oolitic  concretions,  together  with  small 
pieces  of  an  earthy  substance  resembling  the  ore  but  lighter  in 
colour.  When  a  mass  of  this  ore  is  digested  in  hydrochloric  acid 
till  all  carbonates  and  soluble  silicates  are  dissolved,  there  remains 
a  residue  having  the  form  of  the  original  mass  of  ere.  It  is 
extremely  light,  and  falls  to  powder  unless  very  carefully  handled. 
11  contains  the  oolitic  concretions,  or  else  skeletons  of  them,  which 
dissolve  completely  in  dilute  caustic  potash,  showing  them  to  be 
silica  in  a  soluble  form.  Under  the  microscope  some  of  them 
are  seen  to  have  a  central  nucleus  of  dark  colour  and  irregular 
shape,  but  none  of  them  present  any  indication  of  organic  struc- 
ture or  radiated  crystallization.  If  the  residue,  after  having  been 
digested  in  caustic  soda,  be  washed  by  decantation,  there  remains 
a  small  number  of  microscopic  crystals ;  some  of  these,  which  are 
white,  are  quartz,  and  others,  which  are  black  and  acutely 
pyramidal,  consist  chiefly  of  titanic  acid." 

Mr.  Dick  also  notes  that  some  of  the  angles  of  the  dark  crystals 
were  found  to  correspond  to  similar  angles  in  anatase.  and  that 
the  green  colour  of  the  ore  seems  to  be  due  to  a  silicate  containing 
peroxide  and  protoxide  of  iron.  He  likewise  gives  a  full  analysis 
of  the  ore. 

More  recently,  Dr.  J.  E.  Stead,  F.R.S.,  has  published  an 
exhaustive  study  of  the  microscopical,  mineral ogical,  and  chemical 
characters  of  the  ore  of  the  Main  Seam*,  from  which,  with  his 
permission,  the  to'lowing  analyses  and  other  particulars  are 
reproduced. 


1  'The  Geology  of  the  Country  between  York  and  Hull  '  (Jfem.  Gtol    Surv.) 
1886.  p.  16.     (Full  analysis  given.)      • 

2  From  'Iron  Ores  of  Greal  Britain,'  Part  i.  [Mem.  Oeal.  8urv.),  1856,  p   ■■' 

8 'Cleveland  Ironstone  and    Iron.'  Proe.  Cleveland  In*!,  of  Eng..  lOlo  :    and 
separate  (Middlesbrough,  1910),  pp.  1-4.").  with  16  plates,  many  analyses  etc. 
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With  regard  to  the  above.  Dr.   31  — 
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have  been  formed  as  such  during  the  deposition  of  the  strata1,  so 
that  the  replacement  theory  may  eventually  be  found  to  require 
modification. 

Description  of  the  Seams. 

The  ironstone  bands,  like  all  sedimentary  deposits,  show  changes 
of  character  when  traced  from  place  to  place,  consequent  upon 
the  variable  local  conditions  on  the  sea-floor  of  the  period,  due  to 
differences  of  depth,  currents,  supply  of  sediment,  etc.  The 
ruling  effect  of  these  differences  is  that  the  bands  show  compara- 
tively little  variation  if  followed  in  the  direction  of  prevalent 
strike,  viz.,  E.N.E. — W.S.W.,  but  deteriorate  rapidly  both  in 
thickness  and  quality  in  the  direction  of  dip,  or  towards  S.S.E. 
This  deterioration  is  best  recognised  in  the  Main  Seam  because 
this  seam  has  been  so  widely  worked,  but,  with  some  local  excep- 
tions presently  to  be  noted,  it  affects  all  the  seams,  and  is  evidently 
dependent  upon  some  original  condition,  such  as  the  position  of 
the  coast-line  when  the  beds  were  deposited,  or  the  force  and 
direction  of  the  sea-currents  of  the  period. 

In  the  following  short  description  of  the  individual  seams,  the 
general  bearing  of  these  changes  upon  the  ironstone  resources  of 
the  district  is  indicated. 

Main  Seam. 

The  Main  Seam  attained  its  maximum  thickness  and  value  as 
an  ore  at  its  north-westerly  outcrop  on  the  northern  side  of  the 
Eston  Hills,  where  it  is  now  practically  worked  out.  The  following 
was  the  section  near  Court  Green  ('  North  Cleveland  '  memoir, 
p.  21). 

Ft.  in. 

Hard  ironstone,  impure  ;  used  for  a  roof  in  mining      ...         ...         3     0 

Band  of  iron  pyrites  in  oolitic  grains  ['  Sulphur  Band  ']  ...         0     6 

Main  bed  of  blue  oolitic  ironstone.     Main  Seam  ...         ...       11     0 

Ft.  Iu. 

Mottled  shale  and  ironstone,  in  streaks     1     1   ^| 

Dogger  (ironstone)  band  ...  ...     0     4     | 

Masses  of  shells,  Pecten,  Avicula,  etc.        0     5    }>  Pecten  Seam        2  10 

Mottled  shale  and  ironstone,  shelly  base     0     5    | 

Shale  and  ironstone,  shelly      ...  ...     0     7   J 

In  this  section  the  Pecten  Seam,  which  farther  westward 
thickened  to  nearly  5  feet,  comes  immediately  beneath  the  Main 
S  am,  and  couM  be  worked  along  with  it.  But  to  the  south  and 
•  •:i-t  a  band  of  ferruginous  shale  sets  in  between  the  two,  and 
the  Pecten  Seam  itself  degenerates  into  thin  alternations  of  shale 
and  ironstone  of  little  or  no  value  as  an  ore. 

Eastward  for  8  or  9  miles,  to  its  termination  near  the  coast 
between  Saltburn  and  Skinningrove.  the  Main  Seam  continues  as 
a  -ingle  bed,  with  the  Sulphur  Band  and  impure  stone  or  '  dogger ' 
above  it,  and  a  hard  ferruginous  mudstone,  known  as  the  '  Black 

1  See  discussion  on  the  origin  of  the  Clinton  ores  of  the  Birmingham  District, 
•  ma,  by  E.  C.  Eckel,  in  Bulletin   400,   U.S.  Geol.  Survey,  1010,  pp.  28-38. 
The  Clinton  ores  resemble  in  many  respects  the  Cleveland  deposits,  though  of 
different  geological  age. 
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Fig.  3. — Sections  of  the  Main  Seam  in  the  mined  area. 
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Hard,'  at  its  base;  but  the  thickness  of  the  ore-bed  diminishes 
to  about  9^  feet  at  Upleathani  and  about  8£  feet  near  the  coa^t 
(see  sections  Fig.  3).  Southward,  however,  it  loses  its  homo- 
geneity, and  within  two  or  three  miles,  becomes  split  into  two 
portions,  at  first  by  a  band  of  hard  '  doggery  '  ironstone  which 
still  constitutes  an  ore,  and  afterwards  by  a  parting  of  ferruginous 
shale  which  is  actually  detrimental  if  smelted  with  the  ore.  The 
line  along  which  the  shale-parting  sets  in  is  shown  approximately 
in  the  sketch-map.  Fig.  2.  The  present  reserves  of  ore  lie  prin- 
cipally to  the  south  of  this  line. 

The  shale  parting  expands  steadily  southward  at  the  expense 
of  the  ore,  now  divided  into  a  '  Top  Block  '  and  a  '  Bottom  Block,' 
and  the  ore  deteriorates  in  quality  as  well  as  in  thickness. 

There  are  local  irregularities  in  the  thickening  of  the  shale- 
band,  but  its  expansion  in  the  direction  of  dip  may  be  stated 
roughly  as  being  about  1  foot  per  mile;  the  position  at  which  it 
attains  a  thickness  of  1  foot  is  shown  on  the  sketch-map  by  a 
second  line.  In  the  most  southerly  workings  of  the  mined  area 
(Fig.  3)  it  has  expanded  to  2  feet  or  over,  with  3  to  4  feet  of 
ore-stone  above  it  in  the  'Top  Block,'  and  lj  to  2j  feet  of  ore- 
stone  below  it  in  the  '  Bottom  Block.'  From  the  evidence  of 
borings  and  from  the  study  of  the  natural  exposures  it  is  clear 
that  the  impoverishment  southward  and  eastward  continues  pro- 
gressively, so  that  in  the  Esk  valley  and  on  the  coast  south-ea-t 
of  Whitby  the  seam  has  faded  out  of  recognition,  or  is  doubtfully 
represented  by  bands  of  nodules  only.  This  progressive  deteri- 
oration is  brought  out  in  the  serial  sections  Figs.  4  and  5. 

The  area  and  other  conditions  of  the  Main  Seam  where  it  is 
recognised  to  exist  as  a  productive  iron-ore  being  thus  known, 
its  reserves  may  be  (and  have  been)  calculated  with  approximate 
definiteness.  But  there  remains  the  uncertain  factor  as  to  the  point 
at  which  the  southward  workings  must  be  permanently  stopped 
by  the  cost  of  the  material  exceeding  its  market  value.  Under  pre- 
AYar  conditions  it  was  believed  that  in  the  southerly  belt  of  mines 
the  opening  up  of  the  seam  had  been  pushed  as  far  as  would  be 
profitable.  Whether  new  conditions  will  render  the  impoverished 
ore  profitable  in  a  farther  belt  depends,  of  course,  entirely  upon 
the  future  course  of  the  iron  industry  as  a  whole,  at  present  incal- 
culable. As  matters  stand,  the  thickest  and  best  area  of  the 
Main  Seam,  i.e.,  the  area  north  of  the  Guisbrough  valley  and 
of  a  line  drawn  from  Guisbrough  to  the  coast  at  Skinningrove,  is 
approaching  exhaustion;  the  middle  belt  of  medium  ore.  averag- 
ing about  2  miles  in  breadth  is  opened  up  by  mines  along  the 
whole  of  its  course,  but  still  contains  reserves  sufficient  for  another 
25  to  30  years  at  the  pre-War  rate  of  output  :  and  if  the  workings 
can  1>e  profitably  extended  to  the  southward  along  the  whole  belt. 
a  further  reserve  of  about  150  million  tons  may  be  counted  upon 
in  a  breadth  not  exceeding  another  mile  and  a-half,  beyond 
which  there  is  little  or  no  prospect  that  the  Main  Seam  can  ever 
be  worked. 

The  condition  of  the  beds  at  and  about  the  horizon  of  the  Main 
Seam  in  the  country  south  of  the  recognised  mining  area  is 
illustrated  by  the  serial  sections  in  Figs.  4,  5  and  6.    Attempts  to 
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work  the  impoverished  seam  have  been  made  at  several  places  in 
this  ground  on  and  near  the  western  escarpment  (see  Lists,  pp. 
36,  37)  but  always  without  success.  In  the  escarpment  south  of  the 
Leven  valley,  the  seam  is  recognisable  at  least  as  far  as  Thinibleby 
(Fig.  4),  and  in  part  of  this  tract  it  is  not  much  worse  than  in  the 
douhtful  belt  south  of  the  present  mines,  so  that  some  working 
might  be  possible  here  if  conditions  in  the  future  should  become 
such  as  to  encourage  the  extension  of  the  Cleveland  mines  into  the 
poorer  ground.  The  series  of  analyses  from  the  section  at  Ingleby 
(ireenhow,  reproduced  on  p.  52,  shows  the  composition  of  the 
beds  in  this  tract  where  the  degeneration  of  the  seam  is  becoming 
marked. 

Eastward  from  the  escarpment,  where  inliers  of  the  Ironstone 
Series  are  exposed  in  the  deep  valleys  of  Bilsdale,  Bransdale,  Farn- 
dale,  Eosedale,  Basedale,  Westerdale,  Danbydale,  Great  and 
Little  Fryup,  Glaisdale  and  Eskdale  (see  sections,  Fig.  6),  the 
Main  Seam  continues  to  degenerate  until  it  is  represented  only 
by  thin  interrupted  layers  of  stone  and  bands  of  nodules  in  shale, 
and  it  is  in  this  condition  that  the  belt  emerges  again  in  the 
coast-section  at  Hawsker  between  Whitby  and  Kobin  Hood's  Bay 
(see  Fig.  5).  In  this  belt  it  is  often  more  or  less  doubtful  what 
particular  beds  should  be  taken  as  equivalent  to  the  Main  Seam, 
but  in  any  case  it  is  clear  that  the  belt  possesses  little  or  no  pro- 
spective value  as  a  source  of  ore. 

Pecten  Seam1. 

At  the  north-western  outcrop  in  the  Eston  Hills,  the  Pecten 
Seam,  as  already  mentioned,  comes  immediately  beneath  the  Main 
Seam,  and  was  in  some  places  worked  aloug  with  it.  It  has  also 
been  got  to  some  extent  along  its  outcrop  at  Upleatham,  where  it 
is  separated  from  the  Main  Seam  by  5  feet  of  shale.  But,  in 
North  Cleveland,  it  is  only  in  this  western  part  of  its  outcrop  that 
the  seam  has  been  worth  working  as  an  ore.  Like  the  Main  Seam 
and  the  Two-foot,  it  deteriorates  to  the  east  and  south,  and  passes 
into  stringy  alternations  of  thin  or  nodular  ore-bands  and  shale, 
with  here  and  there  a  little  good  stone,  but  averaging  30  low  as 
to  be  of  no  present,  and  slight  prospective,  value.  In  the  Esk 
valley,  however,  a  seam  believed  to  be  its  equivalent  is  ot  rather 
better  quality  and  has  been  mined  in  the  neighbourhood  of  Gros- 
mont.  In  North  Cleveland  its  limits  are  frequently  ill-defined,  " 
owing  to  its  thin-bedded  shaly  character,  and.  in  the  sections 
given  below,  the  limits  assigned  to  the  seam  are  probably  not 
always  the  same.  Indeed,  in  certain  cases  the  seam  has  escaped 
recognition  altogether,  and  its  name  has  then  l>een  misapplied 
to  the  next  lower  seam,  the  Two-foot,  which  is  of  different  char- 
acter. This  misapprehension  explains  some  confusion  that  has 
arisen  in  local  opinion  concerning  the  res]>ective  seams. 

Mr.  G.  Barrow3  estimated  in  187!'  that,  allowing  the  seam  to 
cover  an  area  of  about  50  Bquare  mile-,  and  to  contain  an  average 
thickness  of  2\  feet  of  iron-ore,  it  might  hold,  roughly,  400 
million  tons  of  ore,  but  he  was  doubtful  how  much  of  this  would 

1  For  much  information  respecting  the  minor  seams,  U  well  as  with  regard  to 
the  Cleveland  ironstone  industry  generally,  I  have  jv\rti<mlar!v  to  thank  Mr.  J.  J. 
Burton,  FXJ,S.,  Mr.  W.  Charlton,  and  the  late  Mr.  C.  H<  slop. 

*  Proc.  Cleveland  Inst,  of  Eng.  for  1879-80,  p.  182. 
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be  workable.  Later  developments  tend  to  show  that  over  most  of 
the  estimated  aiea  the  seam  has  less  value  than  was  thought, 
and  is  not  likely  ever  to  be  worked.  Even  where  its  condition  is 
best,  there  is  not  much  prospect  that  it  can  be  mined  independently 
on  a  large  scale,  unless  the  smelting  practice  and  general  condition 
of  the  Cleveland  iron  industry  become  greatly  modified.  In  a 
few  places  at  and  near  the  north-western  outcrop,  the  better 
bands  contained  in  the  seam  may  be  broached  to  some  extent  in 
existing  workings  when  the  Main  Seam  is  exhausted  ;  and  in  the 
Grosmont  area  there  may  be  some  further  stone  available.  But 
the  reserves  to  be  counted  ujion  from  this  seam  must  be  of  indif- 
ferent quality  and  doubtful  value,  and  in  any  case  cannot  be  put 
at  more  than  40  to  50  million  tons. 

The  variable  and  complex  character  of  the  seam  is  shown  by 
the  sections  which  follow  (see  also  Figs.  4,  5,  and  6),  and  by  the 
serial  analyses  in  the  Table  on  p.  55,  and  in  Figs.  8  and  9. 

In  the  workings  at  Grosmont  referred  to  above,  where  both  the 
Pecten  and  the  Avicula  seams  have  been  mined,  the  ore  was  for 
many  years  smelted  at  furnaces  on  the  spot.  Since  their  extinc- 
tion, no  further  working  has  been  done  on  the  Pecten  Seam, 
though  the  winning  of  the  Avicula  Seam  for  smelting  in  other 
Cleveland  furnaces  was  continued  at  intervals  up  to  1915.  The 
Avicula  Seam  has  been  mined  on  both  sides  of  the  Esk  river  in 
separate  workings  known  respectively  as  the  '  West  Side  Mine  ' 
and  the  '  East  Side  '  or  '  Eskdale  Mine  '  (see  pp.  24-5),  but  the 
Pecten  Seam  was  won  in  the  East  mine  only,  where  the  area 
worked  in  this  seam  covers  about  75  acres,  with  a  larger  area  of 
the  Avicula  Seam.  The  workings  southward  on  the  dip  in  both 
seams  appear  to  have  been  stopped  by  water.  In  the  West  Side 
Mine  the  Pectin  Seam  was  not  considered  to  be  workable. 

From  the  analyses  given  on  pp.  56-60  it  will  be  seen  that  the 
Pecten  and  Avicula  seams  contain  more  lime  than  is  found  in 
the  Main  Seam.  This  is  advantageous  in  smelting  and  partly 
compensates  for  the  lower  iron-content.  The  sulphur,  which  is 
detrimental,  tends  to  run  rather  higher  than  in  the  Main  Seam. 
The  other  constituents  have  about  the  same  proportions  as  in  the 
deteriorated  southern  part  of  the  Main  Seam. 

Two-Foot  Seam. 

The  Two-foot  Seam  was  so  named  from  its  average  thickness 
at  the  northern  outcrop.  At  some  of  the  mines  it  is  known  as  the 
'Bottom  Seam.'  and  is  occasionally  confused  with  the  Pecten 
Seam,  as  already  mentioned.  "Where  best  developed,  it  resembles 
the  Main  Seam  in  structure  and  quality,  though  usually  a  some- 
what  harder  stone.  It  resembles  the  Main  Seam  also  in  deteri- 
orating southward  and  eastward,  and  in  splitting  into  two  blocks 
with  a  shaly  parting.  It  lies  at  an  average  depth  of  10  feet 
below  th"  Main,  the  interval  between  the  two  being  slightly  less 
than  this  in  the  north-western  part  of  the  field,  and  slightly  more 
in  the  south-eastern  part.  It  has  nowhere  yet  been  worked  inde- 
pendently but  has  been  raised  to  a  small  extent  in  a  few  places 
along  with  the  Main  Seam  at  the  northern  outcrop,  and  may 
perhaps,  bear  further  development  in  this  quarter.  Its  thinness 
must,  however,  retard  its  exploitation  in  the  future  as  in  the 
past.     South  of  the  '  Shale  line  '  shown  in  the  map,  Fig.  2,  the 
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seam  is  probably  too  much  deteriorated  to*be  serviceable  as  an  ore 
under  the  normal  conditions  of  the  iron  industry.  In  considering 
the  Cleveland  ore-reserves  therefore,  the  contents  of  the  seam 
south  of  this  line  have  not  been  taken  into  the  calculation.  North 
of  the  'Shale  Line'  it  is  calculated  to  contain  about  50  million 
tons  of  ore  averaging  slightly  under  30  per  cent.  iron.  The  thick- 
ness of  the  seam  at  various  points  is  shown  in  the  series  of  sections 
given  on  p.  22  and  in  Figs.  4,  5  and  6.  Its  composition  is  illus- 
trated by  the  analyses  on  p.  59  and  Figs.  8  and  1). 

Fig.  5. — Coast-sections  of  the  Ironstone  Series  of  Cleveland. 
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Sections  in  the  Pecten  and  Two-foot  Seams. 
(See  also  pp.  55,  59  and  Figs.  4,  5  and  6.) 


Ft.  in. 
3    0 


Roseberry. 

Main  Seam 

Hard  Shale       

Pecten  Seam — 

Alternations  of  thin  ironstone 
and  shale. 

Shale      ...         

Two-Foot  Seam — 

Ironstone,   in   three   blocks, 
with  thin  shaly  partings. 

Shale    ...  

Oolitic  ironstone  


Upleatham. 

Ft.  in. 
Main  Seam 

'  Black  Hard  '  and  Shale        ...     5    0 
Pecten  Seam — 

Shelly  ironstone  with  part-     2  10 
ings  :  average — 

Shale      5    0 

Two-Foot  Seam — 

Ironstone      2     2 

(See    'North   Cleveland   Memoir,' 

p.  21.) 
(For  analyses  of  Pecten  Seam  see 
p.  54.) 


Spa  Wood,  East. 

Main  Seam 

'Black  Hard' 

Pecten  Seam — 

Ironstone  and  shale 
Shale      


Carlin  How. 


Main  Seam 
'  Black  Hard 


Ft.  in. 


3     3 


Pecten  Seam — 

'Pecten  band'         3     4 

Shale      6    0 

Two-Foot  Seam — 

Ironstone      ...         ...         ...     1  10 

(For  serial  analyses  see  p.  59.) 


Ft.  in. 

3  0 

6     8 

4  0 


Two-Foot  Seam — 

Ironstone  (top  block)  ...  0  10 

Shale  0     3 

Ironstone  (bottom  block)  ...  1     9 

(For    diagram    of     analyses,  see 
Fig.  9,  p.  57.) 


Brotton. 


Ft.  in. 


Main  Seam 

'Black  Hard' 

Pecten  Seam —  Ft.  in. 

Ironstone      ...         ...     0     4*/} 

Shale  0 

Ironstone      ...         ...     0 

Shale  0 

Ironstone      ...         ...     0 

Shale      

Two-Foot  Seam — 
Ironstone 


2     2 


6iV2  4£ 


8*1 

7i» 


...  5    6*. 

...  2    4 

(For  analyses  of   Two-foot  Seam 
see  p.  59.) 


Liverton. 


Ft.  in. 


Main  Seam 
'Black  Hard 
Shale    ... 
Pecten  Seam — 

Ironstone 

Shale 

Ironstone 

Shale 

Ironstone 

Shale 

Ironstone 

Shale      

Two-Foot  Seam — 

Ironstone  (poor) 

Shale      

Avicula  Seam — 

Ironstone 

Bastard  Dogger 

Brown  Dogger 

Dark  Dogger 

Shale 

Bastard  Stone 

Ironstone 

Bastard  Stone 
Shale,  etc. 


Ft  in. 

.  0  5  "1 

.0  4* 

.  0  5JI 

,  0  8 

.  0  11 

.  0  4 

.  0  7*j 


7 

7* 


3     9? 


6    4 

1     6 

20     0 


Ft.  in 
.101 


2 

4 

4 

6 

0  i 
0  8  I 
0     9  J 


[• 
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Fig.  6. — Sections  of  the  Ironstone  Series  m  the  Cleveland,  dales. 
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Horizontal  lines  through  Ironstone  d  Dogger  indicate  shaly  partings. 
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Avicula  Seam. 

The  ferruginous  band  known  as  the  '  Avicula  '  (from  its  char- 
acteristic fossil)  or  '  Low  '  Seani,  has  been  recognised  in  many 
parts  of  the  Cleveland  district,  but  is  usually  too  thin  and 
variable  to  be  of  worth.  In  the  lower  part  of  the  £sk  valley, 
however,  it  becomes  of  some  consequence  and  has  been  mined 
rather  extensively  in  the  neighbourhood  of  Grosmont,  where  its 
exploitation  had,  in  fact,  begun  before  the  workings  of  the  Maiu 
Seam  in  North  Cleveland  were  established. 

At  the  northern  outcrop  the  band  has  been  identified  in  the 
cliff-sections  at  Hummersea  and  Staithes,  where  it  has  a  thick- 
ness of  2  feet  and  occurs  at  30-40  feet  below  the  Main  Seam  [see 
Fig.  5).  Inland,  it  is  present  in  the  Skelton  Beck  section, 
we^f  of  the  viaduct,  at  about  34  feet  below  the  Main  Seam,  again 
with  a  thickness  of  2  feet ;  and  in  the  Guisbrough  district,  a  little 
south  of  Waterfall,  it  is  1  foot  10  inches  thick,  at  41  feet  below 
the  Main  Seam.1 

It  appears  to  have  been  proved  at  Skelton  Park  Mine,  at  30  feet 
below  the  Main  Seam,  its  thickness  here  being  1  foot  8  inches; 
and  at  the  Liverton  Mines,  at  about  35  feet  below  the  Main, 
where  it  consists  of  alternations  of  ironstone,  '  dogger,'  and  shale 
having  a  total  thickness  of  6  ft.  9  in.  (see  previous  section,  p.  22). 
It  is  probably  represented  also  in  the  western  escarpment  (Fig.  4), 
south-west  of  the  mining  district,  where,  however,  as  previously 
mentioned,  the  correlation  of  the  seams  is  more  or  less  doubtful, 
owing  to  variation  in  the  principal  beds. 

At  Grosmont  (Fig.  6)  in  the  neighbourhood  of  the  mines,  the 
following  section  was  measured  in  the  banks  of  the  Esk  ('  Eskdale, 
Eosedale,'  etc.  memoir,  p.  8). 

Section  of  the  Ironstones  near  Grosmont. 

Indurated  shale  band,  few  ironstone  nodules  above 
Shale  with  a  few  nodules  and  doggers... 
Lenticular  sandy  ironstone  band 

Shale  

Ironstone2  with  the  large  Pecten  xquivalvis,  Belemnites,  etc.... 
Shale  with  large  round  doggers  full  of  fossils 
Ironstone      0     6") 

Shale  1     3  >  Pecten  Seam       

Ironstone      1  10  j 

Shale,  hard,  dark,  and  sandy 

Two-Foot  Seam. — Ironstone,  hard,  calcareous,  and  oolitic... 

Shale  

Avicula  Seam. — Ironstone       ...         

Shale,  rather  sandy 
Band  of  hard  sandy  shale 
Hard  shale,  rather  sandy 

In  the  '  West  Side  Mines  '  north  of  the  Esk  at  Grosmont,  which 
have  not  been  in  operation  for  many  years,  the  Avicula  band  was 
worked  out  over  an  area  of  about  90  acres,  and  the  stone  is  reported 

1  See  Mem.  Geol.  Surv.  '  North  Cleveland '  pp.  20,  22. 

2  This  is  probably  the  representative  of  the  Cleveland  Main  Seam. 
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to  have  deteriorated  rfbrthward.  The  '  East  Mines,'  re-worked, 
after  a  period  of  inactivity,  until  1915,  have  covered  an  area,  in 
all,  of  about  170  acres,  the  composition  of  the  Avicula  Seam 
being  as  follows  :  — 


Ft.  in. 


Shale  roof 


f' Top  stone  '  (ironstone) 0  L0 

j  Shale           0    2$ 

Avicula  Seam    ...J  'Bearing  stone  '  (best  ironstone)           ...  0    3 

3  ft.  3Jin.             V  Thick  lift  '  (ironstone) 1     2$ 

I 'Thin  lift '(ironstone)      0    5| 

[_'  Bottom  stone  '  (inferior  ironstone)       ...  0     .'if 

(but  varying  up  to  8  in.) 

Shale  pavement       ...         ...         — 

The  yield  of  ore  from  the  seam  in  these  mines  ranged  between 
7,500  and  8,000  tons  per  acre.  Analyses  will  be  found  on  p.  GO. 
On  the  Murk  Esk,  f  mile  south-west  of  Grosmont,  the  shaft  of 
the  old  '  Esk  Valley  Mine,'  proved  the  Pecten  Seam,  3  feet  thick, 
at  a  depth  of  64  yards  and  the  Avicula  Seam,  about  2  feet  thick, 
at  70  yards  ('  Eskdale,  Eosedale.'  etc.  memoir,  p.  9),  stone  was 
won  mainly  from  the  latter  seam,  but  the  working  was  of  short 
duration. 

There  is  nothing  to  encourage  expectation  that  this  seam  will 
ever  be  extracted  on  a  large  scale  in  the  northern  district,  but  the 
Grosmont  area  has  not  been  worked  out,  and  probably  contains 
5  to  6  million  tons  of  stone  not  much  inferior  to  that  already  won. 
A  further  quantity  could  no  doubt  be  obtained  from  other  parts  of 
the  field  if  the  extraction  of  bands  under  2  feet  in  thickness  should 
ever  become  practicable.  The  total  reserves  of  the  seam  are  taken 
to  be  about  10  million  tons. 


The  Dogger   {Lower  Oolite)  Ironstone. 

Besides  the  ironstones  from  the  Middle  Lias  there  has  been  a 
considerable  output  of  ore  in  the  Cleveland  district  from  an 
irregular  band  occurring  at  the  base  of  the  Lower  Oolite  series, 
just  above  the  LTpper  Lias.  This  band  is  extremely  variable  in 
composition  in  North  Yorkshire,  being  sometimes  a  thin  streak 
of  nodules  or  pebbles,  sometimes  a  thick  sandstone  or  sandy  shale 
sometimes  an  impure  limestone,  but  generally  containing  si  me 
proportion  of  ferruginous  matter  and  occasionally  becoming  rich 
enough  to  be  used  as  an  iron-ore.  The  local  eharacterisl 
the  band  are  fully  descril  e.l  in  the  various  Geological  Survey 
memoirs  already  referred  to,  bo  thai  it  is  unnecessary  to  enter  into 
particulars  in  the  present  account  except  regarding  the  pli 
where  the  rock  is  known  to  be  serviceable  as  an  ore.  Where 
worked,  it  is  known  as  the  '  Top  Seam,"  '  Dtigger  Seam.'  oi  '  Oolite 
Seam.'  The  rusty  look  of  the  rock  at  outcrop,  even  where  the 
iron-content  is  low,  has  constantly  incited  exploration:  and  along 
its  ramifying  outcrop  in  the  moorland  dales  there  are  indi- 
cations that  the  bed  has  been  tested  or  slightly  worked  in  many 
places.     Some  of  the  excavations  are  known  to  be  very   old  but 
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many  have  been  made  during  the  last  50*or  60  years.     A  list  of 
some  of  these  trials  is  given  on  pp.  37,  38. 

The  only  areas  in  which  the  Dogger  has  yielded  ironstone 
sufficient  in  quantity  and  quality  to  be  of  commercial  importance 
are  (1)  the  neighbourhood  of  the  coast,  east  and  west  of  Staithes ; 
and  (2)  the  deep  nroorland  valley  of  Rosedale,  near  Pickering. 

(1)  East  of  Staithes  the  Dogger  ironstone  was  worked  by  adits 
in  the  cliff  north  of  Hinderwell.  These  workings  formed  part 
of  the  old  '  Rosedale  '*,  or  Port  Mulgrave  Mine,  which  also  in- 
cluded some  workings  in  the  Main  Seam  of  the  Middle  Lias,  within 
the  area  of  the  present  Grinkle  Mines  (Fig.  2).  "Where  mined, 
the  Oolitic  ore  ranged  from  2  to  4  feet  in  thickness  and  was  of 
good  quality,  yielding  about  35  per  cent,  of  iron.  But  it 
diminished  both  in  thickness  and  value  westward,  and  proved 
worthless  west  of  a  33  ft. -fault  (shown  on  the  Six-inch  Geological 
Survey  map,  Torks,  Sheet  19).  The  general  character  and  varia- 
bility of  the  Dogger  in  this  area  are  brought  out  in  the  following 
particulars  (from  the  '  Xorth  Cleveland  '  memoir,  pp.  41-2) :  — 

Section  in  the  cliff  just  north  of  Runswick. 

Ft.  in. 

Ironstone,  hard  and  compart    ...         ...         ...         ...  0     4 

Sandstone,  ferruginous  ...         ...         ...         ...         ...  1     0 

Ironstone,  very  hard       ...         ...         ...         ...         ...  0     7 

Ferruginous  oolitic  concretionary  sandstone  ...         ...  16 

Ironstone  ...         ...         ...         ...         ...         ...         ...  0     2 

Sandstone,  ferruginous ...         10 

Sandstone,  with  ironstone  nodules       ...         ...         ...  4     0 

on  Alum  Shale 

Section  at  an  old  adit  in  the  cliff  at  Rosedale  Wyke  (Port  Mulgrave). 

Hard  stone  (good  quality)  10 

Ferruginous  marl  ...         ...         ...         ...         ...  2     3 

Hard  stone  ...         ...         ...         ...         ...         ...  0     .3 

Pebble-bed  0     2 

Grey  stone  ...         ...         ...         ...         ...         ...  03 


Section  inland,  below  Low  House,  Rousby. 


Impure  ironstone 

Shale         

Ironstone  dogger  (fossils) 

Shale 

Dogger  band 

en  Alum  Shale. 


3  11 


5  0 

2  0 

0  6 

1  0 
0  6 


Section  inland,  Rousby,  about  100  yards  S.  of  last  section. 

Sandy  ironstone,  with  nests  of  shells 3     0 

Shale          3     6 

Dogger  band        ...         ...         ...         ...         •••         •••  0     3 

Shale         1     0 

Dogger  band         ...         ...         . .           ...         ...         ...  03 

en  Alum  Shale. 

1  Owing  to  the  adoption  of  the  local  name  '  Rosedale  '  for  this  mine  it  is  liable 
to  be  confused  with  the  more  important  Rosedale  Mines  near  Pickering.  The 
localities  are,  of  course,  widely  apart. 
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Farther  east,  in  the  ground  around  Kettleness,  the  ferruginous 
Dogger  is  generally  thicker,  but  includes  more  sandstone,  which 
renders  most  of  it  valueless  as  an  ore.  Extensive  trials,  both  by 
borings  and  shafts,  were  made  here  a  few  years  ago  for  the  Skin- 
ningrove  Iron  Company,  and  proved  that  the  deposit  was  too 
patchy  and  variable  to  be  worth  mining.  The  following  is  a 
section  from  this  area  given  in  the  '  North  Cleveland  '  memoir, 
p.  41:  — 


Ft.  in. 


4 

0 

1 

6 

0 

5 

4 

0 

1 

2 

2 

6 

0  11 

0 

5 

0 

> 

Section  in  trial-hole  at  Cat  Beck,  Kettleness. 

Typical  'dogger,'  very  ferruginous  sandstone  ;  pebble- 
bed         

Shale,  ferruginous 

Ironstone  of  good  quality  

Ferruginous  sandstone  (or  siliceous  ironstone)  with 
pebble  beds 

Ironstone,  with  jet  fragments   ...         

Ferruginous  sandstone  (or  siliceous  ironstone) 

Shale  

Ironstone,  full  of  pebbles 

Ironstone,  hard  and  of  good  quality    ...         


"West  of  Staithes  the  Dogger  is  exposed  in  the  high  cliffs  near 
Boulby  and  contains  some  workable  ironstone  in  places.  The 
following  sections  were  seen  recently  at  the  Boulby  Mine  :  — 

Section  in  '  Quarry  Drift,'  Boulby  Cliff. 

Ft.  in. 
Soft  shale  ...  ...  ...  ...  ...  ...  — 

Ironstone  with  band  of  small  nodules  at  base  ...         4     3 

Alum  shale  ...         ...         ...         ...         ...         ...  — 

Section  at  mouth  of  '  Bank  Brow  Drift  ',  Boulby. 

Shale  — 

Good  ironstone     ...  ...  2     0 

Blue  shale  1     0 

Ferruginous  shale  and  imperfect  ironstone      ...  ...  0     6  to  0   8 


In  the  interior  west  and  north-west  of  Boulby,  over  the  area 
in  which  are  the  chief  mines  in  the  Main  Seam,  the  Dogger  baud 
has  nowhere  been  found  to  be  worth  working,  though  generally 

containing  thin  ferruginous    bands    and    nodules  (for  details 
'  North  Cleveland  '  memoir,  pp.  42-5). 

(2)  The  most  important  known  development  of  the  seam  is  in 
the  interior  at  Rosedale,  10  miles  X.W.  of  Pickering,  where  the 
.Dogger  surrounds  an  inlier  of  Lias  which  tonus  the  fertile  valley 
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oi  tiie  Seven  River,  surrounded  by  high  barren  moorlands  (Fig. 
7).  About  midway  in  this  inlier  the  Dogger  on  both  sides  of 
tilt:  valley  becomes  highly  ferruginous  ana  lias  been  extensively 
mined.  One  of  the  mines  on  the  east  side  of  the  valley  is  still 
producing,  as  described  below,  but  those  on  the  west  side,  though 
at  one  time  rich  producers,  were  suspended  many  years  ago,  on 
the  exhaustion  of  the  main  ore-deposits.  On  both  sides,  ironstone 
occurs  as  a  workable  regular  bed,  but  the  most  valuable  ore-bodies 
were  two  exceptional  masses  of  magnetic  stone  in  the  West  Mines, 
that  filled  narrow  channels  or  troughs  cut  in  the  Alum  Shale. 
These  masses,  known  respectively  as  '  Kitching's  Deposit  '  and 
'  Garbutt's  Deposit '  lay  close  together  and  nearly  parallel,  as 
shown  in  Fig.  7 ;  they  were  about  70  feet  thick  in  the  centre 
and  ran  for  about  \  mile  into  the  hill,  covering  an  area  between 
5"  and  6  acres  in  extent.  They  were  quarried  at  the  outcrop,  and 
afterwards  mined  to  their  termination.  It  is  estimated  that  they 
yielded  between  the  years  1857  and  1880  over  three  million  tons 
of  ore,  mostly  of  high  quality  {see  Analysis,  p.  60). 

In  spite  of  the  wide  area  of  the  same  belt  explored  on  both  sides 
of  the  valley  in  mining  the  more  regular  seam,  and  the  further 
exploration  by  borings  and  trial-levels  outside  the  mined  ground, 
no  other  pocket  of  this  kind  has  yet  been  discovered,  though  the 
local  conditions  seem  not  unfavourable  for  similar  occurrences  in 
other  places.  Local  erosion  at  the  base  of  the  Dogger  is  visible 
in  many  parts  of  the  outcrop  in  Cleveland,  and  has  occasionally 
resulted  in  somewhat  similar  channelling  of  the  Upper  Lias, 
though  in  no  other  known  case  is  the  channel  filled  with  iron-ore. 
The  cliffs  on  the  east  side  of  Whitby  show  a  section,  described 
and  figured  in  '  North  Cleveland  '  memoir,  p.  39,  across  a  sharp 
hollow  in  Upper  Lias  filled  in  with  sandstone;  and  on  the  west 
side  of  Bilsdale  about  a  mile  S.  of  Wain  Stones  a  similar  hollow 
is  filled  in  with  fossiliferous  limestone  ('  Eskdale,  Rosedale,'  etc. 
memoir,  p.  25).  In  the  deeply  dissected  country  northward  from 
Rosedale  to  Eskdale,  and  westward  to  the  edge  of  the  hills,  the 
outcrops  of  the  Dogger  are  so  frequent,  and  the  interspaces  between 
the  valleys  so  narrow,  and  in  some  places  so  well  explored,  that 
there  is  not  much  chance  for  the  discovery  of  new  ironstone 
pockets  in  this  quarter;  but  to  the  east  and  south  of  Rosedale, 
where  the  Dogger  is  deeply  covered  by  higher  strata,  there  is  still 
a  possibility  that  rich  patches  may  be  hidden.  The  few  borings 
of  which  we  have  record  in  these  areas  {see  pp.  42-4)  have  revealed 
nothing  of  promise,  but  they  are  at  wide  intervals,  and  the  Rose- 
dale pockets  were  of  such  limited  dimensions  that  there  is  still 
a  chance  of  buried  ore-bodies  of  similar  size  remaining  to  be 
discovered  by  a  lucky  hit  or  by  a  close-set  series  of  borings.  But 
the  search  for  pockets  of  this  kind  under  deep  cover  is  bound, 
of  course,  to  be  highly  speculative.  It  is  noteworthy  that  in 
;i  boring  under  Cross  Cliff,  in  the  Hackness  district,  over  11 
miles  S.E.of  Rosedale,1  the  Dogger  was  found  still  to  maintain  its 
ferruginous  character,  which  tells  in  favour  of  the  possibility  of 
local  concentration  of  iron  analogous  to  that  of  Rosedale  under 
any  part  of  the  intervening  high  moorland  country. 

1  The  record  of  this  boring  is  not  at  present  available  for  publication. 
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PlG.  7. — Sketch-map  of  the  mining  area  in  Rosedale. 
— r 
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The  stippled  area  marks  the  underground  workings  for  iron&cone. 
The  black  line  indicates  the  outcrop  of  the  Dogp 
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Apart  from  the  pockets  of  magnetic  ore,  the  ordinary  stratified 
Dogger  Seam  was  worked  in  the  Rosedale  West  Mines,  and  in 
the  adjacent  Sheriff  Mine,  along  about  a  mile  of  the  outcrop,  and 
was  followed  into  the  hill  until  the  ironstone  became  too  thin 
and  poor  for  profitable  extraction. 

Section  of  the  Dogger,  west  of  Rosedale  village. 

Ft.  in. 


Yellow  shale  (roof )           

Ferruginous  sandstone    ... 

1 

11 

Dark  sulphury  shale 

1 

3 

Greenish  sandy  shale 

0 

6 

Dark  shale 

0 

6 

Ironstone 

8 

0 

Shale  (floor)... 

Near  Sheriff  Pit. 

Freestone  (roof).. 

Sandy  ironstone  ... 

'.'.       10 

0 

Shale 

8 

0 

Soft  brown  ironstone 

0 

G 

Strong  brown  ironstone  ... 

3 

3 

Blue-gray  ironstone 

4 

0 

Brown  and  blue  stone     ... 

5 

3 

The  sandy  upper  bed  was  worked  only  at  the  outcrop,  but  the 
ironstcne  below  was  followed  for  a  short  distance  under  the  hill, 
where  it  was  found  to  thin  out  in  all  directions. 

The  East  Mines,  2  miles  N.W.  of  Rosedale  village,  have  covered 
an  area  of  about  550  acres  and  a^e  still  in  operation  (1917),  but  the 
known  reserves  of  workable  ore  are  now  small.  The  section  in 
the  mine  is  variable;  in  the  central  part  it  was  generally  as 
follows  :  — 

General  Section  in  Eaat  Rosedale  Mine. 

Ft.  in. 

Shale         4     t> 

Dogger     ...         ...         ...         ...         ...         10 

Ironstone  ...  ...  ...  ...  7     0 

'  Belemnite '  [useless  stone]     ...         ...       20     0 

A«t  the  northern  edge  of  the  mined  area  the  ironstone  dwindles 
to  less  than  3  feet,  and  is  poor  in  quality;  to  the  south  and  east 
also,  the  stone  has  proved  to  be  not  worth  working,  and  the  same 
conditions  prevail,  as  proved  by  borings  and  trial-drifts,  through- 
out the  rest  of  the  spur  between  the  main  valley  and  its  branch, 
Northdale  {see  Tig.  7). 

The  following  is  a  section  of  the  Dogger  at  the  East  Rosedale 
outcrop  (from  '  Eskdale,  Rosedale,  etc'  memoir  p.  26). 

Section  in  quarried  face  at  Moor  Hill. 

Carbonaceous  shale  and  rubbly  sandstone 

f  Sandstone  soft,  fine-grained,  with  white  specks    '.. 

|  Hard  blue  very  micaceous  shale  (very  like  Lias) 

I  Ironstone,   tough    and    poor,    with    white   nodules  ; 

often  left  as  roof  in  the  mine  ...  ...  ...  0 

Dogger  -l  Ironstone,  fossiliferous,  oolitic,  rather  poor  ... 

?         (hidden)         

I  Ironstone,    very    poor    and    soft,    full    of    casts    of 

Belemnites — the  '  Belemnite  '  of  the  miners         ...         7     0 
'^Ferruginous  sandy  shale  with  casts  of  Belemnites  ...         7     0 
Alum  Shale  ...         ...         ...         ...  — 


Ft. 

in. 

10 

0 

9 

0 

4 

8 

3    0\ 
2     0) 
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The  portion  bracketed  on  the  right  is  the  workable  band  of  the 
mines.     It  is  stated  that  a   lenticle  of   magnetic  ore,  up  to  14 
inches  thick,  formed  part  of  the  seam  in  the  older  working-. 
Analysis,  p.  60.) 

Farther  north  in  Kosedale  and  in  Farndale,  the  valley  next 
westward,  attempts  to  mine  the  Dogger  as  an  iron-ore  have  been 

unsuccessful. 

Other  Ironstones  of  the  Yorkshire  Oolites. 

Several  ferruginous  bands  occurring  in  the  Yorkshire  Oolite- 
above  the  Dogger  were  used  in  early  times  as  a  source  of  iron.  Of 
these,  the  following  list  and  comments  are  given  in  '  The  Jurassic 
Rocks  of  Britain,  vol.  i,  Yorkshire  '  Mem.  Geol.  Surv.,  1892, 
p.  434:  — 

KeHaways  Rock  ...     Upper  part.     Along  the  coast,  Danby  Moor,  etc. 

Cornbra.su         ...         ...     In  Newton  Dale,  Rye  Dale. 

Upper  Estuarine  Series      Irregular    bands    ot     granular    ironstone.     Coast, 

Eylingdales  Moor. 
Grey  Limestone  ...     Impure  bands.     Eller  Beck. 

Eller  Beck  Bed  ...     Goathland,    Egton    Grange,    Ingleby    Greenhow, 

iSnilesworlh  Moor. 

"  Many  cf  the  thin,  and  generally  very  impure,  beds  mentioned  in  this  list  were 
in  ancient  times  worked  either  by  the  monks  or  the  older  inhabitants  of  these 
hills,  in  numerous  shallow  pits  near  the  outcrop,  as  at  Dry  Heads,  Killing  Pits, 
Holey  Intake,  Danby  Moor,  and  other  places,1  which  have  been  supposed  by 
antiquarians  to  be  the  remains  of  '"Ancient  British  Settlements."  The  ironstone 
obtained  from  these  shallow  workings  was  smelted  in  the  primitive  open  hearth 
or  blomary,  the  evidence  of  which  remains  in  the  heaps  ot  scoriae,  called  on  the 
Ordnance  Map  "  Cinder  Hills,"  which  may  be  seen  at  Julian  Park  near  Goathland, 
along  the  valley  cf  the  Esk.  at  Rievaulx  Abbey,  and  elsewhere." 

The  beds  above  referred  to  are  all  too  thin  or  too  poor  to  have 
any  value  under  present  conditions,  or  to  be  reckoned  as  potential 
n  serves.  They  are  shortly  dealt  with  in  the  following  notes; 
fuller  information,  if  required,  can  be  obtained  from  the 
'  Mieet  memoirs  '  of  the  Geological  Survey  [see  List,  p.  62). 

tiller  Beck  Bed. — This  is  a  fossiliferous  marine  band  occurring 
in  the  Estuarine  Oolites,  usually  at  about  100  feet  above  the  top 
of  the  Lias.  It  consists  mainly  of  sandstone  and  shale,  more  or 
less  ferruginous  and  generally  containing  ferruginous  nodules  and 
thin  tabular  lenticles  of  ironstone.  It  is  traceable  over  the  greater 
part  of  Cleveland,  and  becomes  more  ferruginous  inland  south  of 
the  Est  and  Lovon  valleys,  and  in  this  quarter  often  includes 
fairly  persistent  bauds  of  oolitic  ironstone  ranging  from  an  inch 
or  two  to  over  a  foot  in  thickness.  In  a  t-w  places  the  ironstone 
expands  sufficiently  to  have  encouraged  exploration  in  recent 
times,  but  no  permanent  working  has  been  established.  Jn 
Wintergill  at  the  head  of  Glaisdale,   where  the    Eller  Beck  Bed 

1  "Ayton  Fbrgi  .  near  I!  k  •-.  which  gives  its  name  to  this  part  of  the  1  er- 
went  valley,  was  worked  near  the  commencement  of  the  present  century.     See 

Young,  '  Hist,  of  Whit  by,'  p.  819.     This  forge  was  working  in  1TSS.     See  Marshall, 
*  Rural  Economy,'  p.  27f>." 
Vol.  xii.  c  '2 
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attains  its  greatest  known  thickness  and  includes  an  exceptional 
development  of  ironstone,  the  following  section  was  measured1 :  — 

Eller  Beck  Bed  at  Winter  Gill. 

Very  hard  close-grained  sandstone  containing  fragments  of  soft 

jet  and  other  carbonaceous  matter. 
Ironstone,  sandy  and  impure 
Ironstone,    dark   brown,    oolitic,  slightly   magnetic ;   fossils 

extremely  rare. 
Calcareous  and  ierruginous  stone,  with  a  few  small  fossils... 
Hard    flaggy  micaceous  white    sandstone,   passing  gradually 

downwards  into  a  sand}'  shale. 
Sandy  marl  ... 

Dense  limestone,  apparently  unfossiliferous 
Argillaceous  micaceous  shale,  much  resembling  the  shales  of 

•  the  Middle  Lias. 
Ironstone,  with  abundance  of  the  characteristic  Pholadomya 

and  other  fossils. 


With  reference  to  the  old  workings  at  Winter  Gill,  it  is  stated 
(op.  cit.)  that — 

"  The  ironstone  varies  much  in  thickness,  reaching  13  ft.  at  the  shaft,  but 
changing  so  fast  that  it  cannot  be  depended  on.  It  probably  soon  dies  out 
entirely  in  each  direction.  An  analysis  of  the  magnetic  ore  by  Mr.  W.  Morgan 
gives: — Iron  36-78;  silica  11-06;  alumina  4-96;  phosphoric  acid  1-68;  lime 
3-21  ;  magnesia  1-60  ;  sulphur  -33  per  cent.  Iron  in  calcined  stone  47-00  ;  loss 
by  calculation  22-78  per  cent." 

Numerous  other  sections  are  given  in  the  same  memoir,  showing 
ironstone  bands  ranging  from  1  to  2  feet  thick.  Full  analyses  are 
also  quoted  for  two  bands,  respectively  5  inches  and  14  inches 
thick,  occurring  in  a  section  in  Eller  Beck,  at  Walk  Mill  Force 
below  Darn  Holm  (near  Goathland  Station),  showing,  in  the  5- 
inch  band,  iron  in  raw,  30*52;  in  calcined,  39*89;  loss  by  calcina- 
tion, 23*50;  and  silica  21'70  per  cent.;  and  in  the  14-inch  band, 
iron  in  raw,  25"40;  in  calcined,  31*51;  loss  by  calcination,  19'20; 
and  silica,  30**70  per  cent. 

It  is  also  mentioned  (op.  cit.  p.  32)  that  "  above  Post  Gate  Hill 
[in  Glaisdale]  the  Eller  Beck  Bed  has  been  tried  at  two  places 
for  ironstone :  the  easterly  hole  has  fallen  in,  but  the  westerly 
one  shows  shale  with  three  rows  of  ironstone."  It  is  further 
stated  (p.  33)  that  the  incline  under  Burton  Howe  [S.E.  of 
Ingleby  Greenhow]  "  was  originally  made  to  work  the  ironstone 
in  this  bed,  and  it  is  evident  that  it  must  have  been  somewhat 
thicker  at  the  outcrop  to  have  warranted  such  an  outlay."  The 
section  given  shows  only  9  inches  of  ironstone  at  this  place.  An 
analysis  of  the  seam  at  Ingleby  quoted  in  '  Jurassic  Rocks,  vol.  i, 
Yorkshire"  (p.  443),  gives — iron,  36*95;  silica,  7*37;  lime,  3*32; 
phosphoric  acid,  1*36;  with  other  particulars. 

Farther  to  the  south-west,  on  Snilesworth  Moor  (4-inch  Sheet 
42,  Xew  Series)  around  the  headwaters  of  the  River  Rye,  the  iron- 
stone of  the  Eller  Beck  Bed  has  again  attracted  attention  and  has 

1  '  Geology  of  Eskdale,  Rosedale,  etc.'  (Mem.  Geol.  Surt.),  1885,  p.  31  ;  also  in 
Jurassic  Rocks  of  Britain,'  vol.  i,  p.  198. 
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been  tested  at  several  places.  An  inlier  of  the  bed  in  Blow  Gill 
['Parci  Gill'  on  later  edition  of  the  six-inch  Ordnance  Map] 
"consists  of  thin  flaggy  sandstone  with  8  feet  of  shale  below. 
Beneath  the  shale  is  a  seam  of  light  coloured,  somewhat  oolitic- 
ironstone  "  stated  to  be  2  feet  6  inches  thick1.  In  another  inlier 
near  the  lower  end  of  the  same  gill,  just  below  Blow  Gill  Farm, 
the  following  section  was  measured2:  — 

Ft.  in. 

Sandstone     ...         ...         ...         ...  — 

Shale  5    0 

Thin  ironstone         0     4 

Shale  3     0 

Ironstone  with  fossils  ...  ...         0     6 

Snale 
"  There  appear  to  be  four  or  more  thin  ironstone  seams  here,  but  they  are  not 
all  exposed  in  one  section." 

Mr.  Gr.  Barrow  estimated3  that  there  might  be  300  acres  of 
good  stone  averaging  about  3  ft.  thick  in  the  Blow  Gill  area,  but 
this  estimate  appears  to  be  too  favourable  in  view  of  the  sections 
mentioned  above. 

Grey  Limestone  Series. — This  is  another  marine  series  inl  r- 
stratified  with  the  Estuarine  Oolites,  usually  at  150  to  250  feet 
above  the  Eller  Beck  Bed.  The  belt  consists  mainly  of  calcareous 
shales  and  sandstone,  with  a  little  ironstone. 

"  The  ironstone,  which  occurs  both  in  nodules  and  thin  bands,  is  too  poor  to  be 
of  any  commercial  value,  although  it  has  been  tried  at  one  or  two  places  in  the 
interior.  There  is  also  a  good  deal  of  iron  disseminated  throughout  the  series, 
which  gives  rise  to  the  bluish-grey  colour  generally  prevalent ;  along  certain 
luxes  this  appears  to  become  more  oxidised,  producing  a  red  streaky  appearance, 
which  is  well  shown  on  the  scars  south  of  Scarborough4." 

Particulars  of  section.-,  in  the  series  from  all  parts  of  the  out- 
crop in  Yorkshire  are  given  in  the  general  memoir  just  quoted, 
as  well  as  in  the  various  '  Sheet  '  memoirs;  most  of  the  ironstones 
recorded  are  between  6  inches  and  12  inches  thick,  and  the  thickest 
mentioned  is  16  inches  (occurring  at  Hundale  Point,  Cloughton 
Wyke).  In  Eller  Beck,  near  the  Whitby  road-crossing,  where 
the  beds  forming  the  upper  part  of  the  series  are  rather  more 
ferruginous  than  usual,  "  a  small  trial  adit  was  made  (dose  to 
the  bridge,  with  the  hope  of  working  them  for  iron-ore,  but  they 
proved  too  poor  for  the  purpose8." 

The  beds  appear  to  have  been  worked  in  ancient  times  at  the 
'  Killing  Pits'  on  the  moors  S.W.  of  Goathland,  and  in  the  Leven 
valley  south-west  oi  Spaunton  Moor  at  the  place  marked  '  Smelt- 
ing Works'  on  the  one-inch  map  (Sheet  43,  New  Series  .  No 
analyses  of  the  ironstones  of  this  series  are  on  record. 

:  'Geology  of  the  Country  around  Northallerton  and  Thirsk '    [Mem.   ■ 
8urv.),  1886,  p.  36. 

-  Ibid. 
'On  the  Cleveland  Ironstone.'  Proc.  Cleveland  Intl.  of  Engineers.  1879 — 80, 
p.  186. 

4  '  Jurassic  Rocks,  etc'  vol.  i.  p.  229. 

■  'Geology  of  the  Country  between  Whitby  and  Scarborough,'  2nd  ed..  11H5, 
p.  42. 

6  '  Geology  of  Eskdale,  Rosedale,  etc.,'  p.  39. 
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Upper  Estuarine  Series. — Tliin  inrpersistent  layers  of  granular 
ironstone  are  found  occasionally  among  the  shaly  beds  of  this 
series,  as  may  be  seen  in  the  coast-section  between  Scarborough 
and  Cloughton.1     They  are  of  no  economic  consequence. 

Cornbrash  and  Kellaways  Rock. — These  formations  are  inter- 
linked ;  their  main  outcrop  runs  from  the  coast  near  Scarborough, 
across  the  moorlands,  to  the  Hambleton  Hills  above  Northallerton 
and  Thirsk,  but  with  large  outliers  in  Cleveland,  on  the  moor- 
lands north  of  the  Esk  valley.  The  Cornbrash  includes  a  band 
of  hard  ferruginous  limestone,  varying  from  a  foot  or  two  to 
7  or  8  feet  in  thickness.  The  Kellaways  Rock  consists  mainly  of 
sandstone,  ranging  from  10  feet  to  70  feet  or  more  in  thickness, 
of  which  the  uppermost  part  is  in  places  ferruginous.  Iron 
appears  to  have  been  obtained  from  both  formations  in  ancient 
times,  but  the  ferruginous  content  is  too  small  to  allow  the  rocks 
to  be  used  as  ores  for  modern  purposes. 

"  At  Shaken  Bridge  on  the  Rye  (above  Helmsley)  the  Cornbrash  was  some  years 
ago  tried  as  an  ironstone,  but  apparently  without  much  success  and  the  workings 
were  soon  abandoned. "- 

"  It  was  also  tried  several  years  ago  in  ]Sewton  Dale,  but  apparently  was  not 
thought  to  be  of  much  value,  as  the  works  which  are  still  to  be  seen  in  the  bank 
near  Skelton  Tower  were  abandoned  without  the  rock  being  worked  to  any 
extent."3 

Xo  modern  trials  of  the  Kellaways  Rock  for  iron  are  on  record. 
The  ferruginous  beds  in  its  upper  part  are  displayed  in  the  Scar- 
borough district,  particularly  in  the  coast-sections,  and  in  the 
western  escarpment  east  of  Thirsk  (for  details,  see  Sheet  memoirs, 
and  'Jurassic  Rocks,  etc'  vol.  i,  pp.  278-288).  No  analyses  are 
available,  but  the  rock  is  probably  everywhere  high  in  silica. 

1  '  Geology  of  the  Country  between  Whitby  and  Scarborough,'  2nd  ed.,  p.  45. 

2  '  Geology  of  the  Oolitic  and  Liassic  rocks  to  the  Xorth  and  West  of  Malton,* 
p.  9  ;  see  also  Jurassic  Rocks  of  Britain,'  vol.  i,  Yorkshire,  p.  272. 

3  '  Jurassic  Rocks,  etc.,'  vol.  i,  p.  272. 
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Tables  of  Reserves  and  Output. 
Summary  of  Estimated  Cleveland  Ore-reserves  tx  1917. 
From  the  foregoing  particulars  the  probable   reserves  of  iron- 
ore  in  Cleveland  may  be  tabulated  as  follows:  — 

Average  of  Iron  Tons, 

in  raw  stone, 
fin  the  royalties  now    Slightly  under    ...         190,000,000 
J       being  mined  30  % 

Main  Seam  ■{  In  the  mleiior  ground 

|      south  of  the  worked         25  to  30  %     ...        150,009,000 
[_     royalties 
Pecten  Seam,  probably  mostly  un-      about  28  %       ...  40,000,000 

workable. 
Two-foot  Seam  in  northern  area,  if  30  %  ...  50,000,000 

workable. 
Avicula  Seam  in  southern  area,  if  25  %  ...  10.000.000 

workable. 
Oolite  or  Top  Seam,  workable  parts  30  %  ...  1,000,000 

441.000,000 

Output  of  Cleveland  Ironstone  (including  outlying  mines  of 
Esk  valley,  Rosedale,  etc.)  since  1854. 

The  figures  for  the  years  1854  to  1881  are  taken  from  the  annual  '  Mineral 
Statistics  '  (Mems.  Geol.Surv.);  for  1882  to  1918,  from  the  continuation  of  the 
same,  published  by  the  Home  Office. 


Year. 

Tons. 

Ye  a  7'. 

Tons. 

Year. 

Tons. 

1854     . 

650.000 

1876     . 

.     6.562,000 

1898     . 

.     5,730,413 

1855     . 

970,300 

1877      . 

.     6.2  84.. 145 

1899     . 

.     5,612,742 

1856     . 

.     1,197.417 

1878     . 

.     5,605,640 

1900     . 

.    5,493,733 

1857     . 

.     1,414.155 

1879     . 

.    4,750,000 

1901     . 

.    5,100,823 

1858     . 

.     1,367,395 

1880     . 

..     6,486,655 

1902     . 

.    5,396,670 

1859     . 

.     1,520.342 

1881     . 

.     6.538.471 

1903     . 

.     5,668.296 

1860     . 

.     1,471,319 

1882     . 

..     6,326,314 

1904     . 

.     5,719,607 

1861     . 

.     Li  .7».761 

1883     . 

.    6,756,055 

1905     . 

.    5,934,283 

1862     . 

.     1,690,097 

1884     . 

.     6.052.608 

1906    . 

.     6,102,223 

1863     . 

.    2,078,805 

1885     . 

.    5,932,244 

1907     . 

.    6  230,987 

1864     . 

.    2,401,891 

1886     . 

.     5,370.279 

1908     . 

..    6,072,933 

1865     . 

.    2,762,359 

1887     . 

.     4,980.421 

1909     . 

..    8,183.018 

1866     . 

.    2,809,061 

1888     . 

.    5  395,942 

1910     . 

.     6,152,823 

1867     . 

.    2,739,039 

1889     . 

.     5,657,118 

1911     . 

.     6,0 

1868     . 

..    2,785,307 

189!"     . 

..     5,617,573 

1912     . 

.     5,118,187 

1869     . 

..    3,094,678 

1891      . 

.     5,12* 

1913      . 

.     5,940,965 

L870     . 

..     4.U72.888 

L892     . 

.     3,411,400 

1914      . 

.     5,5*3 

1871     . 

..    4,581,901 

189:;    . 

25,520 

1915     . 

.    4.7 

i  ST-:    . 

..    4,974,950 

1894     . 

18,966 

L916     . 

.     4,315,765 

i  873    . 

..     5,617,014 

1 895     . 

" 

1917     . 

_      - 

1 874     . 

..     5,61  ' 

.     .'  6'  • 

1  18     . 

4,568,263 

1875     . 

..     6,121 

1897     . 

..     5,679,153 

Xote. — The  earlier  series  of  'Mineral  Statistics  '  contains  many  n 
the  mines,  etc.,  and  for  some  years  the  output  of  the  individual  mines  is  given. 
Much  information  may  thereto]  tied  as  to  some  of  the  old  work 

abandoned.     An  of  the  average  \;  ironstone  per  •■ 

mines  is  also  generally  stated:   during  the  year    before  1881,  H  Erom  a 

maximum  of  4s.  in  1875  to  a  minimum  of  2s.  9d.  to  3s.  3d.  in  1879  ;   the  ai 
price  fell  below  3s.  in  1886-7-8,  but  rose  above  the  4s.  level  in  1899  and  1900, 
and  after  some  minor  relapses,  passed  that  level  again  in  1906,  and  has  not  since 
gone  below  it,  being  given  as  4s.  4d.  in  1911.  4s.  8d.  in  1912.  .5s.  Id.  in  1913,  with. 
of  course,  farther  incremenl  during  the  war. 

The  main  point  with  respect  to  these  tables  is  that  they  show 
the  possibility  of  maintaining  the  present  ;i .  atput  of  the 

district  for  at  least  a  further  30  years  from  the  existing  mines; 
and  thai  if  at  the  end  of  this  period  the  conditions  are  such  as 
to  favour  the  extraction  of  the  thin  and  deteriorated  seams,  the 
same  output  may  be  continued  for  40  years  more. 
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cleveland  district. 
Lists  of  Mines  and  Trials, 


Cleveland  Irox.stoxe  Mines  active  in  1917. 
Position  of  Shifts  or  Adits. 


Name  o\ 

f  Mine. 

t 
Longitude 

Latitude 

( West). 

O           I            ll 

{North). 

Of" 

Ayton 

1 

5 

50 

54 

29       5 

Ayton  Bank 

1 

5 

30 

54 

29    25 

Belmont    ... 

1 

1 

46 

54 

31     14 

Boulby 

0 

50 

15 

54 

33     35 

Brotton     ... 

0 

56 

25 

54 

34     13 

Eston 

1 

4 

0 

54 

32     59 

Grinkle 

0 

49 

43 

54 

33       5 

Kilton 

0 

oo 

35 

54 

32     34 

Lingdale    ... 

0 

57 

15 

54 

32     20 

Liverton    ... 

0 

,54 

8 

.54 

33    11 

Loftus  and  Whitecliff 

0 

53 

47 

.54 

33     45 

Long    Acres 

and    North 

0 

57 

22 

54 

33     18 

Skelton. 

Lumpsey  and  Carl  in  How 

0 

56 

20 

54 

33     31 

Rose  berry 

1 

6 

8 

54 

30     12 

Rosedale  East 

[Top'Ssani]' 

0 

54 

45 

54 

22     30 

Skelton      ... 

] 

0 

52 

54 

32     36 

Skelton  Park 

1 

0 

14 

54 

33     14 

South  Skelton 

0 

59 

10 

54 

32    22 

Spa  Wood... 

1 

0 

53 

5*. 

31     56 

Stanghow  . . . 

0 

59 

19 

54 

31     51 

Upleatharn 

1 

2 

0 

54 

34     32 

Company. 


Pease  &  Partners,  Ltd. 
Tees  Furnace  Co.,  Ltd. 
Bolckow     Vaughan    & 

Co.,  Ltd. 
Skinningrove  Iron  Co., 

Ltd. 
Morrison  &  Co. 
Bolckow     Vaughan    & 

Co.,  Ltd. 
Grinkle    Park    Mining 

Co.,  Ltd. 
Bell  Bros.,  Ltd. 
Pease  &  Partners,  Ltd. 
Cargo  Fleet   Iron  Co., 

Ltd. 
Pease  &  Partners.  Ltd. 
Bolckow     Vaughan    & 

Co.,  Ltd. 
Bell  Bros.,  Ltd. 
Tees  Furnace  Co.,  Ltd. 
Lascelles  &  Shepherd. 
Bell  Bros..  Ltd. 
Bell  Bros.,  Ltd. 
Bolckow     Vaughan    & 

Co.,  Ltd. 
Sir    B.    Samuelson    & 

Co.,  Ltd. 
Cochrane  &  Co.,  Ltd. 
Pease  &  Partners,  Ltd. 


Cleveland  Ironstone  Mixes  exhausted  or  in  abeyaxce  in  1917. 


Name  of  Mine- 

Blakey,  Farndale     .. 

Cliff 

Crag  Hall      , 

Esk  Valley    ... 

Glaisdale 

Grosmont 

Hob  Hill       

Huntcliff       

Hutton  

Ingleby         

Kildale         

Kirk  Leaf  ham 
Normanby    ... 
Ormesby 
Port  Mulgrave 

('  Rosedale  '). 
Rosedale  West 

Spa 

Swain  by 

Tocketts        

Waterfall       


Seam. 

Logger 

Main         

Main         

Pecten  &  Avicula 

Pecten   &  Avicula 

Pecten  &  Avicula 

Main 

Main 

Main 

Main,  etc. 

Main 

Main 

Main 

Main 

Main  and   Dosser 


Longitude 

(West). 

Q             /  // 

0  57  5 

0  56  15 

0  54  54 

0  43  55 
0  48 

0  43  20 

0  59  14 

(i  55  2o 

4  5 

4  50 

4  6 


0 


:;  35 

8  40 

9  35 
0     46  0 


Main 
Main 
Main 
Main 


0  52  40 

1  0  15 
1  14  25 
1  2  23 
1  1  55 


Latitude 

(North). 

o  i  ll 

54  22  20 

54  34  58 

54  33  39 

.-4  26  40 

:a  26  10 

54  26  16 

54  34  33 

54  35  3 

54  30  43 

54  26  35 

.54  28  52 

54  33  34 

54  32  36 

54  32  28 

5-1  32  50 

54  20  25 

54  32  8 

54  24  45 

54  33  21 

54  32  46 
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Other  Old  Workings  axd  Trials  ra  the  Middle  Lias  Ironstones  in  and 
south  of  the  Leven  and  Esk  valleys,  referred  to  in  the  Memoirs  of  the 
Geological  Survey. 


Site. 

Iburndale,  near  Ugglebarnby  :   trial  hole    ... 
Little   Fryup ;    old  workings  indicated   by 

slag  heaps ;  seam  only  1  ft.  thick. 
Westerdale,  west  branch  :  trial  hole 
Westerdale,  shallow  old  pits  on  plateau  near 

church. 
Bilsdale,  old  level  at  foot  of  Hasty  Bank    ... 
Bilsdale,  Stingamire  Gill :  trial  hole 

Bilsdale,  Fangdale  Beck         

Bransdale :      trial  hole  near  north   end   of 

Gimmer  Bank  W  >od 

Dromon  by  Hill :  trial  drift 

Junction  of  Raisdale  and  Tom  Gill :    trial 

drift. 
Raisdale,  in  gill  south  of  Breck  House  :   trial 

hole. 
Scugdale  :  two  drifts  ... 
Limekiln  Bank  (main  scarp  S.  of  Swainby)  : 

drifts  in  the  wood ;  ironstone  thinner  than 

ia  Swainby  Mine. 


Title  of  Memoir  and  Reference. 


'  Whitby  and  Scarbro' 

p.  15. 

'  Eskdale,  Rosedale,  etc' 

p.  11. 

p.  13. 

j»                     j> 

p    14. 

>»                     >j 

p.  16. 

,,                     ,, 

p.  16. 

,,                     ,, 

p.  16. 

„ 

p.  17. 

1  Northallerton  and  Thirs  c 

'  p.  22. 

„ 

p.  22. 

„ 

p.  23, 

„ 

p.  24, 

,» 

p.  24 

Trials  in  the  Dogger. 
\-inch  Sheet    4.  Xew  Series. 

Locality.  Remarks.  H-ifereace.1 

Ibur.idale,  near  Ugglebarnby..     Trial  hole:  rock  proved  value-    W.  &  S.,  p.  2i. 

less 
Alum  Works  in  Eskdale,  S.W.     Dogger   12   ft.   thick:     often     W.  &  S.,  p.  28. 
of  Sleights  trie!  as  ore  without  success. 

1-inch  Sheet  35.     N.S. 

Raithwaite  Gill,  2  miles  W.  of     Small    adit    now    obscured  :     X.  G,  p.  39. 
Whitby  nodular     ironstone     band, 

unreliable  both  in  quality 
and  thickness 

1  -inch  Sheet  34.     N.S. 

Cat  Beck,  Kettleness  (see  p.  27)     Adit 

Kettleness  and    Goldsborough     Two      shafts     and      several 
(Skinningrove  Iron  Co.'s  ex-         borings, 
ploration.  see  p.  27) 
Dunsley  Dale  End.  Runswiok     Adit:  stone  highly  ferruginous     N.  C,  p.  41 

Bay,  near  old  limekiln  but  too  siliceous 

Rosedale  or  Port  Mulgrave    ...     Mine  and  trials  (see  p.  26)   ... 

Boulby  Mine Adits  (see  p.  27)         

Liverton  Mine Level    from     shaft     through 

Dogger 
Junction  of  South  Leven  valley     Series  of    drifts:    hard   iron- 
and  Kildale  stone  band  of  good  quality, 

10  in.  ;  on  ferruginous 
marly  stone  with  nodules, 
5  ft.    -■     A  a  lysea  p.  61.) 

1  Abbreviated  references  to  Geological  Survey  Memoirs  as  follows: — 

W.  &  S. — 'Whitby  and  Scarborough,'  2nd  Ed.  X.  C. — 'North  Cleveland.' 
X.  &  T.— '  Northallerton  and  Thirsk.'  E.  R.— '  Eskdale.  Rosedale,  etc' 
Y.  &  M. — '  York  ami  Malum.'     Eor  full  titles  see  Bibliographical  List,  p 


X.  C.  p.  41. 


N.  C.,  pp.  41-42. 

X.  C,  p.  44. 
X.  0.,  p.  44. 
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CLEVELAND    DISTRICT. 


1-inch 
Locality. 
North   end   and  west  side  of 
Vittoria  Plantation 

Thimbleby  Scar  

Atley  Bank,  near  Kepwick  .... 

Cowesby,  near  the  Hall 


Kirkby  Knowle,  main  escarp- 
ment by  Knowle  Hill  (Sh.  52) 

Boltby,  close  by  village  (Sh.  52) 

North  of  Tang  Hall,  near 
Boltby  (Sh.  52) 

Cleaves  (Sh.  52)  

1 
Grosmont,  immediately  above 
the  old  ironworks 


Hollia  Wood,  Murk  Esk  valley 


Cat  Scar,  north  of  Grosmont... 

Glaisdale  

Glaisdale,  Post  Gate  Hill 

Glaisdale,  east  side  of  Whiter 

Gill. 
Oakley  Side,  north  of  Esk  river 
Finkel  House,  Great  Fryup  ... 
Farndale,  aboAre  Church 

(Blakey  Mines) 


Reference.1 
N.  &  T.,  p.  30. 

N.  &  T.,  p.  32. 
N.  &  T.,  p.  32. 

N.  &T.,  p.  33. 

N.  &  T.,  p.  33. 

N.  &  T.,  p.  33. 
N.  &  T.,  p.  33. 

N.  &  T.,  p.  33 


Sheets  42  and  52.     N.S. 
Remarks. 

Drift :  Dogger  20  ft.  thick  ; 
a  ferruginous  shelly  marl, 
with  about  20  per  cent,  iron 

Trial  hole  :  a  few  nodules  in 
shale  only 

Trial  hole  :  ironstone,  6  in  ; 
on  ferruginous  limestone 
and  shale,  11  ft. 

An  old  slag-heap  probably  in- 
dicates that  Dogger  was 
once  worked 

Trial  hole  :  calcareous  iron- 
stone, 5  or  6  ft.  thick 

Adit :  rock  like  last 

Adit :  ferruginous  limestone  . 

Quarries  :  worked  and  burnt 
for  lime,  over  20  ft.  thick. 

inch  Sheet  43.    N.S. 
Trial  holes  :   rock  of  no  value     E.  R.,  p.  21. 

as  ore  owing  to  its  sudden 

variations  :     at  one  place, 

4  ft.  thick,  with  24  per  cent. 

iron 
Trial  hole  :  15  ft.  bluish  coarse    E.  R.,  p.  21. 

grained    impure  ironstone  : 

upper  part  found  to  contain 

36'7  per  cent,  iron,  but  100 

yards  off,    contained    only 

1932  per  cent. 
Dogger    essentially    a    ferru-     E.  R.,  pp.  21-22. 

ginous   sandstone   with   23 

per  cent,  iron  in  lower  part 
Several  trials  :   stone  too  poor     E.  R.,  p.  22. 

for  profitable  working 
A  series  of  drifts  :  ferruginous     E.  R.,  p.  23. 

beds  about  12  ft.  thick 
Trial E.  R.,  p.  23. 


Farndale,  Blakey  Moor 


Derwent  valley  at  Kirkham. 


Derwent  valley,  at  Mount 
Pleasant  near  Castle  Howard 
Station 

Derwent  valley,  Kirkham  Park 


Trial 

Trial:  Dogger  25  ft.  thick  ... 

Several  levels  driven  in  hope 
of  obtaining  magnetic  iron- 
stone of  Rosedale :  Dogger 
about  25  ft.  thick,  but  thins 
rapidly  both  north  and 
south 
...  Trial  hole  :  only  5  ft.  of  poor 
ironstone 

1-inch  Sheet  63.     N.S. 

Shaft :  Dogger  12  ft.  thick  at 
114  ft.  depth,  worked  with- 
out much  success,  rock 
apparently  too  poor  to  pay 
cost  of  carriage 
Shaft :  Dogger  at  121  ft.  8  in. 
depth 


E.  R.,  p.  23. 
E.  R.,  p.  i3. 
E.  R.,  pp.  25-26. 


E.  R.,  p.  26. 
Y.  &  M.,  p.  12. 

Y.  &M.,p.  11. 


Adit. 


1  Abbreviated  references  to  Geological  Survey  Memoirs  as  follows  : — ■ 
N.  &  T.— '  Northallerton   and  Thirsk.'      E.   R.— '  Eskdale,  Rosedale,  etc. 
Y.  &  M. — '  York  and  Malton.'     For  full  titles  see  Bibliographical  List,  p.  63. 
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Boeings. 

North  Cleveland. 

Borings  have  been  made  from  time  to  time  to  prove  the  char- 
acter of  the  ironstones  south  of  the  present  mining  ground.  During 
the  original  survey  of  the  district  (before  1885),  particulars  were 
obtained  of  borings  at  Lockwood  reservoir,  Little  Moorsholme, 
Girrick  and  three  spots  farther  east  in  the  Easington  royalty.1 
In  most  of  these  borings  the  Main  Seam  was  proved  at  depths  of 
over  600  feet;  but  the  details  of  the  seam  as  given  in  the  records 
are  mostly  untrustworthy  and  not  worth  reproducing  in  view  of 
the  more  reliable  information  since  obtained  by  the  southward 
extension  of  the  mines. 

During  the  recent  investigation  the  records  of  several  later 
borings  to  the  south  of  the  mines  were  obtained,  from  which  the 
following  particulars  bearing  on  the  extension  of  the  ironstones 
are  abstracted.  The  sites  are  indicated  by  the  numerals  on  the 
Sketch-map  Fig.  2.  The  first  two  borings  are  in  the  Girrick 
royalty,  and  we  are  indebted  to  Mr.  C.  Heslop  for  the  records. 

(1)  Site:  1,100  yards  E.  of  Moorsholme.  at  junction  of  Cowclose  Lane  with  old 
railway  ;  at  525  ft.  above  O.D.  ;  date,  1912-13  ;  Map,  6-inch  Yorks.  18  S.E. 

Oolites  to  514  ft.  [Top  Seam  not  mentioned];  Upper  Lias  [probably  including  a 
few  feet  of  Middle  Lias,  above  ironstone]  258  ft.  ;  Mam  Seam — "  Dogger,  6  in. ; 
Ironstone  [Top  Block]  2  ft.  5  in.  ;  Shale  with  traces  of  iron,  2  ft.  7  in.  ;  Ironstone 
[Bottom  Block]  1  ft.  8  in."  ;  depth  to  bottom  of  Main  Seam.  779  ft. ;  below  which 
the  boring  passed  through  alternations  of  shale  with  thin  bands  of  dogger  and 
ironstone  for  26  ft.,  and  through  sandy  shale  and  sandstone  for  10  ft.,  ending  at 
depth  of  815  ft.  (inches  omitted.) 

(2)  Site  (1 1  mile  S.  of  last),  50  yards  S.  of  Dimmingdale  House ;  at  708  ft.  above 
O.D.  ;  date,  1912  ;   Map,  6-inch  Yorks,  30  X.W. 

Oolites  to  511  ft.  [Top  Seam  not  mentioned];  Upper  Lias  [with  Middle  Lias 
above  ironstone]  228  ft.  ;  Main  Seam — "Ironstone  and  shale  [Top  Block],  2  ft. 
11  in.  ;  Shale,  2  ft.  11  in.  ;  Ironstone  and  shale,  6  in.  and  Inferior  ironstone  1  ft.  " 
[Bottom  Block] ;  depth  to  bottom  of  Main  Seam,  746  ft.,  below  which  were 
alternations  of  shale  and  ironstone  for  23  ft.  farther,  including  an  ironstone  band 
3  ft.  thick  and  another  2  ft.  thick.  The  bottom  of  the  Ironstone  Series  proper 
appears  to  have  been  reached  at  769  ft.  from  surface,  but  the  boring  waa  continued 
to  1,275  ft.  (inches  omitted)  through  "dark  grey  sandy  shales'  and  "dark  grey 
sandstone  '  with  some  ribs  of  insignificant  thickness  described  as  4  ironstone.' 

In  the  lasi  .section  the  Main  Stain  lias  almost  l«»st  its  predomin- 
ance, while  the  lower  seams  are  strengthened,  thus  showing  a 
passage  to  .the  conditions  found  at  Grosmont  in  the  Esk  valley 
(pp. 20-24).  The  boring  mast  have  passed  through  the  whole  of  the 
Middle  Lias  and  the  greater  part  of  the  Lower  Lias,  but  ui 
tunately  there  is  nothing  in  the  record  enabling  us  to  identify 
the  horizons.  A.  fault  of  about  25  feet  throw,  marked  on  the 
Geological  Survey  Map  (Sheet  o4  N.S.),  runs  close  by  the  site 
of  the  boring  and  may  account  for  the  diminished  thickness  oi 
the  Upper  Lias  indicated  by  the  record. 


1  The  sites  of  several  of  the  borings  are  shown  on  the  published  One-inch 
Geological  Map.  Sheet  34.  Details  of  the  Girrick  boring  are  given  in  "  Explanation 
of  Horizontal  Section,  Sheet  131  "  [Qeol  Sun-.),  pp.  4-.~>.  and  of  ■  boring  on  Bamaby 
Moor,  to  600  ft.,  in  "  Ezpl.  of  Hor.  See..  Sheet  132,"  p.  5. 
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42  CLEVELAND    DISTRICT. 

In  the  Kildale  district,  the  conditions  of  the  Main  Seam 
between  its  outcrop  in  the  valley  of  the  Leven  and  the  mined 
ground  to  the  north  have  been  proved  by  a  series  of  borings,  for 
particulars  of  which  we  are  indebted  to  Mr.  J.  J.  Burton.  The 
main  results  are  tabulated  on  pp.  40,  41,  arranged  in  groups 
according  to  the  geographical  positions  of  borings  from  N.W.  to 
S.E.  in  valleys  descending  from  the  northern  moorland,  and  in 
Kildale.  These  borings  show  very  well  the  thickening  of  the  shale 
and  the  deterioration  of  the  ironstone  south-eastward,  while  the 
more  southerly,  jNos.  8  and  14,  prove  the  splitting  up  of  the 
bottom  band. 

The  composition  of  the  Middle  Lias  Ironstone  Series  was  again 
proved  in  one  of  the  borings  through  the  Oolitic  rocks  in  the 
Rosedale  district  given  below,  over  9  miles  S.E.  of  the  above 
Kildale  borings ;  but  owing  to  lateral  changes  of  the  strata,  the 
correlation  of  the  individual  seams  is  hardly  possible  there. 

Rosedale  District. 

A  boring  made  in  1910  on  the  Spaunton  estate,  West  Rosedale, 
for  particulars  of  which  we  are  indebted  to  Mr.  C.  Heslop,  proved 
the  Lower  Oolites  (including  the  Dogger)  and  the  Upper  Lias  to 
a  depth  of  337  feet.  Partial  analyses  were  made  at  intervals  of 
about  every  foot  of  the  cores  drawn1  below  236  feet,  and  give 
interesting  information  as  to  the  percentage  of  iron,  not  only  in 
the  ferruginous  bands  but  in  the  accompanying  strata  as  well. 
The  results  may  be  summarised  and  tabulated  as  follows:  — 

Depth  Analyses. 

Strata  as  described.  Thick-     from         Percentages  of  Iron 

ness.    surface,    (with  Silica  in  brackets). 

Ft.  In.  Ft.   In. 

o    , 

Sandstone,  fireclay,  fakes,  etc. 

[details  not  reproduced]  to       —       2.36     7  — 

Sandstone  with  balls  ...  7     0     243     7     360,  1-30,  470. 

Grey  fakes       0     3  7"90. 

Hard    grey    sandstone    with 

balls 2     2     246     0     19'00,  4*00. 

Grey  sandstone         5     7  3'00,  2"00,  6-50,  3'00,  3-90. 

Grey  sandstone  with  balls...  7     8     259     3     870,  240,  270,  5-&0. 

Top  Seam — 

Grey  Sandstone  with  balls     ...     Ill)  32-10  (Silica  19-10). 

Grey  Sandstone  0     4)  x  ' 

Sandstone         1     1     262     7     30-10  (Silica  27 -90),  27-30 

(S.  25-00). 

Grey  Sandstone  12     6     275     1     20-85, 22-90,22-50,22-80, 

26-60  (S.  37-60),  19-50, 
15-00,  8-40  (S.  67-00). 
'  Belemnite  '  ? — 

Fakes  and  sandstone  bands  ...     5     6  6-75,  6  00,  5-30. 

Sandstone         1     0  900. 

Hard  fakes       1     0  13  80. 

Grey  fakes        4     0     286     7     13-20, 20-30,25-50, 18-30. 

1  The  length  of  core  drawn  varied  from  nearly  the  full  thickness  bored,  down 
to  one-fourth  of  the  thickness,  according  to  the  character  of  the  rock.  The 
number  of  analyses  is  therefore  not  strictly  proportional  to  the  thickness  given. 

-  It  is  possible  that  the  higher  beds,  up  to  236  ft.  7  in.  should  be  classed 
with  the  Dogger ;    but  further  evidence  is  required. 
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Thick- 

nes 

Ft. 

In 

.  1 
.  17 

0 

4 

.  2 
.  4 
.  20 

0 
0 

1 

surface.  Percen'ages  of  Iron. 

Ft.  In. 

Hard  grey  fakes  10         —         6-80. 

Grey  fakes  17     4         —        4-20,    4-90,    4-70,    4-25, 

5  4-00. 

*->     Fakey  blaise  [blaes]        2     0         —        4-80. 

~     Light  fakes  4     0         —        3  95,4  10. 

Fakey  blaiae        20     1     337    0     4d0,    4-90,    4-70,    4d0, 

4-50,  4-90,  5-50,  4-90, 
4-00. 


Three  borings  were  made  17  or  18  years  ago  to  prove  the  Top 
Seam  on  the  moorland  east  of  Rosedale,  and  one  of  these,  already- 
referred  to,  was  carried  down  to  the  Middle  Lias  ironstones.  The 
following  information  is  abstracted  from  the  records,  for  copies 
of  which  we  are  indebted  to  Messrs.  Pease  and  Partners. 

"  Hamer  Moor  No.  1  Borelwle  ";  site,  700  yards  E.  of  Turnhill ;  at  about  1030  ft. 
above  O.D.;  date,  1900-01  ;    map,  6-inch  Yorks,  60  N.W. 

Estuarine  etc.  Oolites  (sandstone,  shale,  etc.)  to  374  ft.  9  in.  Dogger  Top 
Seam — Ironstone  3  ft.  9  in.,  Dogger  5  in.,  Ironstone  3  ft.  2  in.  (analysis  of  last 
three  items — Iron  11-24  per  cent.,  Silica  59-90  per  cent.)  and  'Ironstone  belemnite, 
very  hard  '  6  ft.  9  in.;  to 388  ft.  10  in.  Upper  Liue — mostly  '  blue  shale' — 
254ft.  11  in.;  to  643  ft.  9  in.  Middle  Lias — •  blue  s.iale  with  dogger  balls  '  8  ft.  3  in. 
(?  on  the  horizon  of  the  Main  Saam),  "dogger  or  ironstone  1  ft.  10  in.,  "  blue 
shale'  3  in.,  'ironstone,  pecten  '  1  ft.  2  m.  (analysis  of  the  two  ironstones — 
Iron  19-67  per  cent.,  Silica  14-70  per  cent.  ;  ?  =  Pecten  Seam)  ;  blue  shale  with 
two  thin  dogger  bands,  25  ft.  3  in.  ;  '  dogger  saale  ironstone  avicula  1  ft.  o  in. 
(analysis  of  last — Iron  24-60  per  ce.it..  Silica  14-30  per  cent ;  ?  =  Avicula  Seam) ; 
a.id  "  shale  "  5  ft.  3  in.,  to  bottom  of  boring,  at  087  ft    3  in 

The  record  is  not  sufficiently  explicit  to  enable  us  to  determine 
rhe  exact  depth  at  which  the  Middle  Lias  was  entered,  but  it  is 
clear  that  the  boring  penetrated  this  division  deeply"  enough  to 
pass  through  the  horizons  at  which  the  ironstone  seams  are  devel- 
oped in  North  Cleveland.  The  correlation  of  the  thin  bands  of 
poor  stone  as  the  '  Pecten  "  and  '  Avicula  '  seams  is  doubtful.  The 
boring  shows  that  in  this  area  the  Middle  Lias  does  not  contain 
ironstones  of  present  value. 

"  Hamer  Moor  No.  2  Borehole,  near  Glebz  Land  "  :  site,  Crook  Beck  Rigg.  at 
X.E.  corner  of  High  Hamer  enclosure.  1.300  yards  S.W.of  No.  1  Borehole ;  c  1 950  ft 
above  O.D.  ;   date,  1900  ;   map,  6-inch  Yorks.  59  X.E. 

Oolites,  down  to  the  Dogger    Seam,  280  ft.  10  in.  U]  ppeaxs  to  have 

been  reached  at  299  ft.  4  in.  and  the  boring  was  c  mtinued  in  it  to  327  ft.  6  in., 
the  full  depth  reached.  The  beds  below  277  ft  10  in.  are  described  as  follows  : — 
'  grey  sandstone  very  hard  (doggery),'  3  ft   :  Seam,  Top  Seam.'  7  ft.  6  in. 

(analysis— Iron  1  7-3*0  per  cent., Silica  50-10  per  oenl  |;  '  bine  shale,'  6  in 
hard  and  jointy  '  :>  ft.  9  in.  ;    'dogger,  dark  grey  (belemnite).'  6  ft.  9  in.     Tnen 
follows  'blue  shale'  [presumably  Upper  Lias]  9  ft.:    'dogger  very  hard  with 
veins  '  [?  septarian  nodule  in  Li  I  in. ;  and  '  blue  shale  (alum)  '  16  ft.  11  in., 

to  the  bottom  at  327  ft.  8  in. 

"Hamer  Moor  No.  :5  Borehole,  near  Hamer  Beck"  :  site,  850  yda  S.  of  Lower 

Row  Mires,  about  1 1  mile  S.  of  No.  1  Borehole;  at  07.".  ft.  above  <>\l>  : 
map,  6-inch  Yorks.  60  S.W. 

Oolites,  including  the  Dogger,  to  135  ft.  7  in.  ;  Upper  Liis.  20  ft.  3  in.  i,  to 
155  ft.  10  in.,  the  bottom  of  the   boring.      The  record  of    the  strata    below 
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114  ft.  10  in.,  reads  as  follows: — "  blue  shale,  3  ft.  3  in.  ;  Coal,  10  in."  [proving 
that  the  boring  is  still  in  Estuarine  Oolites] ;  "  grey  sandstone,  dogger,  6  in. ; 
Dogger  Seam,  Top  Seam,  4  ft.  8  in.,  and  2  ft.  (analysis  of  4  ft.  8  in. — Iron  14-45 
per  cent.,  Silica  56-60  per  cent.,  Moisture  2-18  per  cent)  ;  Dogger,  6  in.  ;  dark  grey 
sandstone  (belemnite),  9  f  D. ;  blue  shale,  5  It.  b  in. ;  Dogger,  4  in." ;  [the  last 
two  items  are  probably  Upper  Lias];  "alum  shale,  14  ft.  5  in. "'  [certainly 
Upper  Lias]. 

It  will  be  seen  from  the  analyses  that  in  all  three  of  the  Hamer 
Moor  boring-s  the  Oolite  or  Top  (Dogger)  seam  proved  to  be  of 
no  present  or  prospective  value  as  an  iron-ore. 

More  recently  a  deep  boring  referred  to  on  p.  28,  has  been 
made  in  the  heart  of  the  Oolite  country,  in  a  valley  under  Cross 
Cliff,  west  of  fiackness,  over  11  miles  S.E.  of  Eosedale.  Details 
of  the  boring  are  not  available,  but  it  is  known  to  have  pene- 
trated the  Middle  Lias.  It  also  proved  that  the  Dogger  was  here 
still  of  the  ferruginous  or  moorland  type,  and  not  of  the  shaly 
type  seen  in  the  nearer  coast  section  at  Peak,  south  of  Eobin 
Hood's  Bay. 

ANALYSES. 

Main  Seam. 

Analyses  of  the  ore  from  most  of  the  Cleveland  mines  were- 
obtained  during  the  recent  investigation,  througih  the  courtesy 
oi  the  mine-owmers  and  their  staffs;  but  as  similar  analyses  have 
been  published  freely  in  previous  accounts  of  the  field  (see  Biblio- 
graphical List,  p.  63),  including  a  large  number  in  the  Geological 
Survey  memoir  on  '  The  Jurassic  Eocks  of  Britain,  vol.  i. 
Yorkshire  '  (pp.  443-8),  it  is  unnecessary  to  reproduce  them  in 
detail.  The  average  composition  of  the  Main  Seam,'  as  determined 
on  wide  data  by  Dr.  J.  E.  Stead,  F.E.S.,  has  already  been  given 
(p.  12) ;  and  it  will  suffice  here  to  append  a  digest  from  the 
analyses  collected,  showing  the  range  of  variation  of  the  seam  in 
different  parts  of  the  field.  Some  groups  of  analyses,  in  which 
the  component  bands  of  the  seam  have  been  separately  analysed, 
or  in  which  the  vertical  column  has  been  tested  at  regular  inter- 
vals, in  some  cases  inch  by  inch,  are  set  out  below  in  tables  and 
diagrams,  as  they  illustrate  the  bedded  character  of  the  ore  and 
the  composition  of  the  shaly  intercalations  in  the  seams. 

It  will  be  noticed  from  the  Sketch-map  Eig.  2  (p.  15)  that 
most  of  the  mining  properties,  particularly  the  southern  group, 
are  of  considerable  length  from  north  to  south,  stretching  in  some 
cases  for  two  or  three  miles.  The  southward  deterioration  of  the 
seam,  therefore,  gives  rise  to  important  differences  of  quality  in 
the  ore  from  different  parts  of  the  same  mine,  and  it  is  only  by  a 
mixture  of  the  stone  that  an  average  product  can  be  maintained. 
In  such  mines  any  particular  analysis  may,  of  course,  Fe  mis- 
leading unless  it  is  known  from  what _part  of  the  mine  the  sample 
was  obtained,  or  whether  it  was  a  mixture  from  several  parts. 
The  following  figures  are  mostly  on  the  average  of  the  mine. 

In  stone  dried  at  212°  F.,  the  iron  content  in  the  Eston- 
Upleatham-Skelton  belt  is  31  to  33  per  cent. ;  in  the  Spawood- 
North  Kilton-Lumpsev-Loftus   belt,   28  to  30  per  cent.;   in  the 
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Koseberry-Ayton-Belnront-Stanghow-Kilton  workings,  20  to  28 
per  cent.;  and  in  the  workings  farthest  southward,  25  t<>  k!7  per 
cent.  The  silica  percentage  increases  ironi  about  8  in  tliu  northerly 
to  about  15  in  the  southerly  mines,  the  last-mentioned  figure  being 
near  the  limit  at  which  the  .-tone  ceases  to  be  regarded  as  a  service- 
able ore.  A  local  method  for  roughly  determining  whether  a 
stone  reaches  ore-quality  is — to  multiply  the  iron  percentage  by  2, 
and  the  silica  percentage  by  3,  and  to  rejecl  the  stone  as  ore  if 
the  product  for  silica  exceeds  that  for  iron.  This  rules  out  a  rock 
containing  25  per  cent,  iron  with  IT  per  cent,  -ilica.  The  lime 
content  is  remarkably  constant  in  the  Main  Seam  throughout  the 
workings,  varying  little  from  the  average  of  5  per  cent.,  but  is 
more  variable  and  generally  much  higher  in  the  Pecten  and  other 
lower  seams  (see  pp.  54-60)-  Magnesia  is  similarly  constant 
between  3  and  4  per  cent.  Phosphoric  Acid  does  not  vary  much 
from  1  per  cent.,  but  is  slightly  in  excess  in  the  northern  part  of 
the  field.  Sulphur,  on  the  other  hand,  tends  to  increase  slightly 
southward,  though  varying  within  narrow  limits  only,  say  -05  to 
•;30per  cent. ;  the  presence  of  the  thin  -  Sulphur  Baud  '  just 
the  Main  Seam,  which  is  as  far  as  possible  rejected,  may  explain 
occasional  irregularities  in  the  analyses  with  respect  to  this  con- 
stituent. In  the  Pecten  and  Avicula  seams  the  sulphur, 
rule,  ranges  slightly  higher  than  in  the  Main  Seam.  The  Man- 
ganous  Oxide  shows  irregular  variation  between  '30  and  '80  per 
cent. 

In  most  of  the  analyses  made  for  commercial  purposes,  only 
the  practically  important  constituents  are  determined,  while  there 
are  considerable  differences  between  individual  methods  of  stating 
the  results.  These  differences  frequently  affect  the  tabulation 
and  comparison  of  the  analyses,  and  must  be  borne  in  mind  in 
dealing  with  these  records.  For  example,  some  analyses  declare 
the  percentage  of  iron  in  the  'stone  as  received  '  (i.e.,  with  more 
or  less  of  the  original  moisture  retained),  as  well  as  in  the  stone 
'dried  at  212°  F.'  (i.e.,  moisture  expelled);  other-  stare  the 
figures  for  one  of  these  conditions  only:  while  sometime-,  through 
the  omission  of  particulars  in  the  copy  available,  there  is  doubt 
to  which  condition  the  figures  refer.  With  moisture  averaging 
about  8  per  cent.,  there  is  usually  about  2  per  cent,  more  iron  in 
the  dried  stone  than  in  the  raw.  but  the  difference  may  fall  as 
low  as  1  per  cent,  or  rise  to  nearly  3  per  cent. 

Another  point  of  consequence  is  that  partial  analyses  may  give 
only  the  percentage  of  '  Siliceous  Matter'  or  '  [nsoluble  Mat 
which  includes  some  silicates,1  and  is  always  higher  than  the 
'  Silica  '  percentage  when  this  also  i-  given,  the  difference  varying 
from  under  1  ft)  over  5  per  cent.,  according  to  the  quantity  of 
clayey  matter  present.  In  the  leaner  ores  the  difference  may  be 
large  enough  to  decide  the  question  wheth  u  a  -tone  reaches  ' 
quality'  or  not;  and  analytical  results  in  which  'Insoluble 
Matter1  or  'Siliceous  Matter'  alone  are  given  cannot  be  directly 
compared  with  those  giving  -  Silica  '  alone. 

1  See  Dr.  J.  E.  Stead's  remarks  quoted  ante,  p.  13. 

V    i .  xii. 
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Diagram  of  Analyses  at  every  inch  throug 
bottom     block     2  ft.    5  in. 
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at    ZJZ'F.  CcmUnajOVU  line    —   Ji-vn.  Broken  line  —  •SiUav. 
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Serial   Analyses  of  Main  Seam,  Livertox  Mine,  at  different 
dates  (1869,  1876,  1898,  1901)  showing  variation. 

Communicated  by  Mr.  J.  J.  Burton. 

Samples.  September  18th,  1869,  taken  from  where  stone  was  then  worked, 
and  reported  on,  by  John  Pattinson,  Newcastle.  Each  sample  of  the  r<  ck 
=  about  1  ft. 


" 

Iron  in 

Iron  in 

Sample 
No. 

Mois- 

dried at 

Loss. 

calcined 

ture. 

212°  F. 

stone. 

Ft.  in. 

per  cent,  per  cent. 

per  cent. 

per  cent. 

r    i 

1009 

29-65 

23-70 

38-86 

...      4    6          | 

9-50 

30-00 

21-93 

38-42 

Top  Block 

9-27 

30-50 

21  -73 

38-97 

L  i 

8-37 

30-05 

21-83 

38-44 

...      2    0   {     <! 

6-00 

26-70 

19-80 

33-29 

Dogger  Block    ... 

4-85 

3!  06 

26-13 

42-84 

...      2     6   {     I 

7-65 

29-90 

21  -20 

37-94 

Bottom  Block  ... 

7-93 

31-40 

23-26 

40-92 

9    0 

Average  analyses  of  each  Block. 

"Equal  quantities  of  each  sample  of  each  Block  were  mixed."     Analysed  in 
the  dry. 


Average 

Top 

Dogger 

Bottom 

of  the 

Block. 

Block. 

Block. 

whole  seam 
lculation) 

Oxides  of  Iron,  reckoned  as  per- 

per cent. 

per  cent. 

per  cent. 

per  cent. 

oxide 

43-00 

41-7! 

13-93 

42  •«•: 

Protoxide  of  Manganese    ... 

105 

L-13 

0-70 

0-97 

Alumina 

8-90 

10-70 

10-90 

9-91 

Lime 

6-04 

4-05 

4-61 

Magnesia 

4-02 

4  -52 

4-10 

Silica             

13-60 

12-90 

13-46 

Sulphur         

0-08 

0-24 

nuT 

oil 

ihoric  Acid 

L-19 

0-83 

I  15 

L-IO 

1 .                              i 

22-20 

2310 

22-00 

22  -36 

Mel  llic  Iron 

30-10 

29-20 

30-75 

30 

1  r.  i!  in  i '  -  Lei  e  1  Si  >ne  ... 

37-92 

38-75 

Moisture  by  drj  bog  b  1  2  2    F. 

5-43 

7-79 

8 

Tm  the  damp  state  the  ironstone  o  mtains — 
ton 
Loss  bv  Datamation    ... 
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Liverton  Analyses — continued. 


Samples,  April  15th,  1875,  taken,  and  reported  on,  by  J.  Pattinson,  from 
southernmost  part  of  mine,  from  Taylor's  dip  638  yards  from  pit-bottom ;  full 
thickness  of  band  in  each  case.     Analyses  of  wet  samples,  as  taken. 


Sample. 

Iron. 

Loss  by 
calcina- 
tion. 

Iron 
in  calc. 

stone. 

Top  Dogger 

Top  Block 

Ft,  in. 
...    0     6 
...     4     3 

A 
B 

per  cent. 
24-30 

27-20 

per  cent. 
25-23 

29-00 

per  cent. 
32-50 
38-31 

Band           

Middle  Dogger 

...     1     2 
...     0  10 

C 
D 

20-60 

28-20 

20-20 
27-63 

25-81 
38-97 

Bottom  Block 

...     2     9 
9     6 

E 

29-20 

27-10 

40-06 

Average,  excluding  Top  Dogger 

Average,  excluding  Top  Dogger  and  also  Band  ... 


37-28 
38-99 


Samples,  February  11th,  1898.     Analysed  at  Cargo  Fleet  Laboratory. 

Averages  from  Analyses  tabulated  in  the  Folding-Plate  (PI.  I),  at  every  inch 
at  No.  46  S.  place,  about  370  yards  S.E.  of  Liverton  Church.  Samples  dried 
at  212°  F. 


Iron. 

Silica. 

Ft.  in. 
Top  Block           ...         3     7 
Middle  Band       ...         2     2 

per  cenf . 
29-90 
14-15 

per  cent. 
10  62 

37-78 

Bottom  Block     ...         2     5 

3149 

11-25 

8    2 

Average  of  Top  and  Bottom  Block 

30-54 

10-87 

6  ft  Clean  Stone    =  7347  per  cent. 
2  ft.  2  in.  Shale     =  26- 53  per  cent. 
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Liverton  Analyses — continued. 


Samples,  May,  1901.     Analysed  at  Cargo  Fleet  Laboratory. 

Analyses  of  every  six  inches  from    columns   of    stone   cut   out   of    farthest 
south  working. 


s 

l  nip !<■  No. 

Iron. 

Silica. 

Ft.  in. 

1 

r        1 
2 
3 

per  cent. 
27-90 
2970 
30-40 

per  cent. 
18-44 
1314 
1296 

Top  Block  ... 

4    0J     J 

4 

30  40 

13  72 

5 
6 

7 
8 

31-50 

27-60 
30  10 
24  50 

13  36 
1516 
1416 
28  80 

Middle  Ban  1 

1   10J     .. 
I 

9 
10 

Not  ana 

28  20 
30  70 

lysed . 
22  68 
17  32 

Bottom  Block 

24    1 

11 

33  80    ! 

13  40 

12 

30  90    '' 

17  30 

1 

13 

3210 

18  08 

8     3 

i 

Analyses 

of  each  bl 

ok. 

Top 
Block. 

Bottom 
Block. 

Iron 

28-80 

30  0 

Silica 

16-78 

17-60 

Sulphur 

Trace. 

Trace. 

Loss  by  ca 

lcination 

23-69 

23  39 

Iron  in  calcined  stone 

37-74 

39-68 

Note. — The  mine  is  situated  in  an  area  where  the  Shale  Band  expands  more 
quickly  after  setting  in  than  in  any  other  part  of  the  field,  as  is  indicated  on 
the  Sketch-map.  Fig.  2.  p.  16,  by  the  close  approach  of  the  'One  foot  Shale' 
line  to  the  '  Shale  line.'  This  is  exemplified  by  the  above  four  sets  of  analyses, 
ranging  roughly  from  north  to  south,  from  which  it  will  be  seen  that  the  middle 
Dogger  breaks  down  southward  into  shale  exhibiting  a  rapid  increase  of  the 
silica  percentage  and  diminution  of  the  iron. 

The  inch-by-inch  analyses  which  we  have  converted  into  the  curve-diagram, 
Plate  I.  arc  particularly  instructive  in  showing  the  inverse  relationship  between 
the  silica  and  iron  percentages,  which  La  not,  however,  absolutely  regular.    The 

limits  of  the  shale-band  arc  sharply  defined,  being  nearly  at  the  intersection  of  the 
two  curves.      It  will  he  noticed  also,  that  the  further  splitting  up  of  the  ironstone 
eahadowedi  especially  in  the  Bottom  Block,  by  the  intercalation  of  thin 
srior  quality  among  the  good  si 
The  gap  at  the  24th  inch  in  the  diagram  is  due  to  an  obscurity  in  the  o t] 
the  analyses. 

Another  series  oi  inch-by-inch  analyses,  from  a  section  in  the 
south-eastern  par)  of  the  field,  is  similarly  presented  in  diagram- 
matic form  in  Plate  II.  In  this  (-.inc.  however,  the  broken  line 
represents  '  insoluble  residue,1  and  therefore  cannol  be  directly 
compared  with  the  '  silica  *  line  of  the  Plate  I.  diagram.  A  third 
curve  is  also  added  showing  the  percentage  oi  iron  in  the  calcined 
stone. 
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CLEVELAND    DISTKJLCT. 


This  series  extends  for  a  few  inches  higher  and  lower  than  the 
previous  set,  and  thus  gives  the  composition  of  the  worthless  rock 
above  the  Top  ironstone,  and  of  the  ferruginous  but  too  siliceous 
and  irregular  stone  below  the  Bottom  Block.  It  will  be  noticed 
that  here  tlie  Top  Block  is  of  poorer  average  quality  and  less 
regular  composition,  with  more  distinct  intercalation  of  shaly 
material,  than  in  the  last  section ;  while,  on  the  other  hand,  the 
middle  Shale  is  rather  more  ferruginous,  and  less  siliceous.  This 
illustrates  the  manner  in  which,  with  the  gradual  thickening  of 
the  strata  toward  the  south-east,  as  shown  in  Fig.  5,  p.  21,  the 
iron  is  disseminated  through  the  shales,  instead  of  being  concen- 
trated in  one  bed  as  it  is  in  the  northern  part  of  the  field.  The 
limits  assigned  in  the  diagram  to  the  '  shale  '  and  '  doggery  shale  ' 
are  those  given  in  the  original  record,  but  the  analytical  results 
indicate  that  they  should  be  extended  upward  for  5  or  6  inches, 
and  downward  for  3  inches,  to  compare  with  the  previous  sections. 

The  following  analyses,  communicated  by  Mr.  J.  J.  Burton, 
show  the  character  of  the  Ironstone  Series  in  the  western  escarp- 
ment south  of  the  present  mining  district,  where  the  seams  are 
split  up  and  are  hardly  recognisable  individually.  The  samples 
from  which  these  analyses  were  made  were  taken  at  intervals  of 
6  inches  through  8  feet  of  rock,  which  probably  includes  the 
representative  of.  the  Pecten  Seam  along  with  the  Main  Seam 
(see  Ingleby  Section,  Fig.  4,  p.  18).  The  analyses  show  that, 
along  with  some  bands  of  ironstone  of  fair  quality  (e.g.,  Nos.  8, 
14,  15),  there  are  other  bands  of  very  lean  ore  (e.g.,  Xos.  2,  6,  9, 
12),  and  some  that  are  definitely  worthless  (e.g.,  Nos.  4,  5,  7,  10). 
The  sulphur  percentage  are  above  the  average  throughout;  but 
the  alumina   is  comparatively  low. 

Analyses  of  rock  at  every  six  inches  from  freshly-cut  section 
at    end    of    old     workings    at    Geeenhow    Bank,   near    Ixgleby 

(xREENHOW. 


Sam-  le  Xo. 

Iron. 
Fe. 

Silica. 
Si03. 

Lime. 
CaO. 

Sulphur. 
S. 

Loss  on 
calcina- 
tion . 

Alumina. 
A1S03. 

Magnesia 
MgO. 

Per  ce  t. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

1 

18-8 

13-70 

13-2 

•356 

27 

5  02 

2-89 

2 

23  2 

11-4 

10-8 

•322 

28-3 

3  09 

5-34 

3 

25-6 

10-2 

10- 

•391 

291 

2-91 

5  34 

4 

15-9 

20-2 

8-2 

•837 

22  1 

5-31 

2-89 

5    ... 

3  0 

53-7 

2  0 

1-859 

9-5 

2-84 

115 

6 

20-4 

20-9 

6-6 

■52] 

21-4 

3  93 

1  -52 

7 

15-2 

29-9 

3-4 

1-207 

20- 

3  09 

1-52 

8 

27-2 

10-9 

6-4 

•5 

291 

2  0 

4-48 

9 

23-2 

17-9 

4-8 

•624 

22-9 

518 

2-17 

10 

20  1 

20-3 

6- 

•755 

23-3 

5  02 

2  24 

11 

22  3 

18-4 

5-8 

•322 

23- 

5-92 

1  73 

12 

23-4 

21-4 

5  2 

■617 

IDS 

7  40 

1  52 

13 

22-4 

8  0 

4-8 

•562 

27-7 

3-85 

3-62 

U 

26-5 

8-6 

4-6 

•521 

29-8 

418 

2-96 

15 

28-8 

4-6 

5-6 

•398 

30-2 

2-34 

3  04 

16 

24-9 

10-2 

5- 

•603 

261 

5-92 

217 
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Shale  and  Cleaned  Ironstone. 
In  a  paper  entitled  '  The  Mechanical  Cleaning  of  Iron  Ores,' 
by  the  late  T.  C.  Hutchinson,  of  the  Skinningrove  Iron  Co.,  i ^ t <1 . 
{Journ,  Iron  and  Steel  Inst.  vol.  lxxviii,  No.  ;i,  1!JU8,  pp.  38-50), 
the  economy  in  smelting  effected  by  picking  and  screening  out 
the  shale  from  the  ironstone  is  dealt  with,  and  is  illustrated  by  a 
table  showing  the  comparative  cost  (in  1908)  of  the  materials 
(ironstone,  fluxing-limestone,  and  coke)  required  to  produce  one 
ton  of  pig  iron  from  the  smelter.  Using  cleaned  Ironstone  of  a 
stated  composition,  the  cost  is  given  as  40s.  2/^d.  per  ton;  small 
mixed  ironstone, — 53s.  3rjjd.  per  ton;  and  shale, — 67s.  Oy^d. 
per  ton.  Of  the  enhanced  cost,  a  small  part  is  due  to  the  larger 
quantity  of  inferior  ore  required,  but  the  main  part  is  due  to  the 
larger  proportion- of  coke  and  limestone  needed  to  flux  the  refrac- 
tory inferior  stone.  The  composition  of  the  stone  and  -hale  (from 
the  Main  Seam),  determined  by  analysis,  is  given  as  follows:  — 


Cleaned 
Ironstone. 


Small 

Mixed  Ironstone 

taken  out  by  Belt. 


Shale. 


Fe 

O 

Si02     ... 

A1203  ... 

CaO      ... 

MgO     ... 

MnO     ... 

Pa05    ... 

S 

C02  etc. 

Moisture 

'  Sulphur  Band.' 
Two  partial  analyses   (without  sulphur  determination)   of    the 
thin  pyritqns  layer  at  the  top  of  the  Main  Seam   (see  p.   14)  are 
included  in  the  Ayton  series  on  a  previous  page  (p.  46  We 

are  indebted  to  Mr.  J.  J.  Burton  for  the  following  two  partial 
analyses  of  this  layer  giving  the  percentage  of  sulphur.  It  will 
be  seen  how  necessary  is  the  careful  exclusion  of  this  band  from 
the  ironstone  for  the  smelter,  in  order  to  keep  out  the  detrimental 
ingredient. 


Per  cent. 

Per  cent. 

Per  cent. 

2706 

23-25 

20-94 

7-74 

6-50 

6  00 

12-50 

19-32 

26-21 

9-50 

12-50 

14-35 

500 

3-50 

3  00 

300 

3  00 

3  00 

0-50 

0-50 

0  40 

1-25 

110 

110 

010 

0-65 

0-50 

24-35 

19-88 

19  00 

900 

9  00 

5-50 

(1) 


(2) 


Iron  Sulphide  (f mm  Sulphur  Bond) 

Analyst:   Arthur  A.  Street. 

Inn                  Lphur  Band). 
Analyst :  Etidsdale  &  Co., 

March  26th,  L917. 

Per  ■ 

Middlesbrough. 

Per  cent 

Total  Iron     2860 

Dried  at  212-   1\ 

Sulphur  as  Ferrous  Sulphate...    45*20 
Silica      1320 

Iron      3110 

Lime      2'80 

Phosphoric  acid            ...          ...         '52 

TotalSulphur         2458 

Sulphur          ...        ...         ...    25'70 

Pecti  »  '  and  lower  Seams. 

The  great  variability  ot  the  Pecten  Seam  i>  bi  might  out  in  the 
series  oi  analyses  which  follow.  At  the  northern  outcrop,  it  i> 
in  part  of  workable  quality,  and  has  been  raised  lot  ally  to  a  >inall 
extent  in  the  same  workings  as  the  Main.  Seam.  This  quality  is 
shown  in  the  first  of  the  following  tables. 
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In  the  middle  belt  of  mines  the  Pecten  Seam  is  mostly  an 
inferior  stone,  streaked  with  siliceous  shaly  partings,  as  shown  in 
i lie  two  series  of  analyses  represented  diagrammatic-ally  in 
Figs.  8  and  9,  and  also  in  the  Carlin  How  table  below.  The 
character  of  the  seam  farther  south  is  demonstrated  by  some 
reprinted  analyses  from  the  old  workings  in  the  Esk  valley. 
Further  notes  on  the  composition  of  the  Beam  in  other  quarters 
are  included  in  the  details  previously  given,  p.  4o. 

Analyses  of   the  separate  bands  forming  the    Pecten  Seam  at   the 
Carlin  How  Mine. 

Communicated  by  Messrs.  Bell  Brothers,  Ltd. 


Thickness 

Iron 

Iron 

Silica 

of 

in  stone 

in  dry 

Moisture. 

in  dry 

band. 

as  received. 

stone. 

atone. 

In. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

7* 

25-98 

27-7H 

619 

1865 

74 

27-42 

2940 

6-73 

1202 

4 

22-38 

23-80 

596 

27-31 

10 

28-55 

3000 

4-81 

8-23 

n 

2405 

2540 

528 

18-29 

8 

26-30 

27-60 

469 

1345 

3  ft.  2  \  ins. 

The  records  of  numerous  analyses  of  the  Pecten  Seam  from  the 
old  workings  at  Grosniont  are  contained  in  the  last-century  litera- 
ture of  the  iron-fields,  of  which  the  following  will  serve  as  an 
example.  It  is  reprinted  from  Percy's  "'Metallurgy:  Iron  and 
Steel  "  (1864),  where  it  is  accompanied  by  the  details  of  a  section 
of  the  Grosniont  mines  (op.  cit.,  p.  236  in  which  the  Pecten 
Seam  is  stated  to  consist  of: — Topstone  10  inches,  shale  1  foot 
4  inches,  Thin-band  stone  6  inches,  Bottom  stone  1  foot  8  inches. 


Analysis  of   Pectei  Seam  at  Grosmont  Mines. 

By  C.  Tookey,  in    Percv's  "Metallurgy:    Iron  and   Steel,"   Table  vii,  No.  12 

223). 


Per  cent 

Protoxide  of  iron 

34-98 

Protoxide  of  manganese    ... 

0-48 

Alumina 

3*20 

Lime  ... 

11-96 

Magnesia 

451 

Carbonic  acid 

29-20 

Pho  sph  oric  a  cid       

l«30 

Water  f  hygroscopic?       -        • 

(  combined      ) 

3-30 

Ignited  insoluble  residue    ... 

10-04  c 

98*91 

Iron,  total  amount  ... 

21  2  \ 

10-04  containing  Silica  8'00. 
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In  the  later  working  of  the  seam  at  Grosmont,  its  quality- 
appears  to  have  deteriorated ;  and  was  still  lower  in  the  old  mines 
higher  up  the  Esk  valley,  as  shown  by  the  following  analyses 
given  in  'The  Geology  of  Eskdale,  Eosedale,  etc.,'  Mem.  Geol. 
Surv.  (1S85)  pp.  11  and  12. 

Anahyses  of  the  Pecten  and  Avicula  Seams  in  the  old  '  Esk  Valley '  Mine. 

Pecten  Seam.    Avicula  Seam. 

Protoxide  of  iron         

Lime 

Silica      

Alumina 

Magnesia1         

Phosphoric  acid 

Sulphur 

Carbonic  acid .  Water ... 

Loss  by  calcination 
Iron  in  dry  sample  ... 
Iron  in  calcined  sample 


Average  Analysis  of  the 


Upper  or  so-called 
Glaisdale  Mine. 


Per  cent. 

Per  cent. 

32-74 

32-87 

10-97 

7-82 

9-75 

14-52 

8-36 

12-65 

4-33 

4-81 

119 

0-55 

0-30 

0-40 

31-23 

27-05 

27-60 

2340 

25-46 

25' 55 

33- 16 

33-35 

1  '  Pecten  '   Seam 

at  the  old 

Per  cent 

Protoxide  of  iron     . . 
Peroxide  of  iron 
Bisulphide  of  iron    . . 
Oxide  of  manganese 
Lime  ... 
Magnesia 
Alumina 

Silica  

Phosphoric  acid 
Coaly  matter 
Carbonic  acid 
Water,  extraneous  .. 
Water,  combined 


Iron  in  protoxide,  peroxide  and  sulphide 

Sulphur     ... 

Loss  by  calculation 

Iron  in  calcined  stone     ... 


25 

17 

2 

58 

1 

62 

0 

46 

3 

27 

2 

30 

5 

54 

32 

71 

1 

80 

1 

33 

20 

80 

1 

27 

0 

72 

99- 

57 

23 

10 

o- 

86 

20- 

98 

28- 

15 

The  low  quality  of  this  stone,  commented  on  in  the  memoir  quoted,  rules  it  out 
of  present  value  as  an  ore. 

Two-Foot  Seam. 
The  serial  analyses  of  the  Two-foot  Seam  in  the  diagrams, 
Figs.  8  and  9  (pp.  56,  57),  illustrate  the  variable  composition 
of  the  band,  and  its  deterioration  southward.  At  Roseberry  it 
is  reported  to  give  results  closely  similar  to  those  of  the  Main 
Seam;  but  at  Liverton  it  has  been  found  to  contain  only  about 
IT  per  cent,  of  iron  and  to  be  high  in  silica'.  At  Brotton  where 
it  is  28  inches  thick,  the  stone  is  of  good  quality,  as  appears  from 
the  following  analyses,  for  which  we  are  indebted  to  Messrs. 
Morrison  and  Co.  It  will  be  noted  that  the  lime-percentage  is 
higher  than  in  the  Main  Seam,  the  stone  being  in  this  respect  akin 
to  the  best  parts  of  the  Pecten  Seam. 

1  Misprinted  '  Manganese  '  in  original. 
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Brotton  Two-foot  Seam. 
(1)  Analyses  by  Messrs.  Pattinson  &  Stead,  Middlesbrough- 


Sample, 

Sample, 

Feb.2lst,  1911. 

June  Uth,  1912. 

As 

Dried  at 

As 

Dried  at 

received. 

212°  Fahr. 

received. 

212°  Fahr 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Iron           

.      30- 64 

3803      . 

.      2848 

3175 

Silica          

545 

5-70      . 

.      10-41 

11-60 

Sulphur     ... 

007 

007      . 

— 

— 

Moisture    ... 

434 

— 

.      10-29 

— 

Loss  on  calcination 

.      31-27 

28-15      . 

— 

— 

Iron  in  calcined  stone.. 

.      4458 

— 

.      4041 

— 

Specific  gravity 

2-96 

— 

— 

— 

(2)  Analysis  by  J.  &  H.  S.  Pattinson.  Xe\vcastle-on-Tyne — 
Sample,  Feb.  28th,  1911. 
Dried  at  212°  Fahr.     Moisture  loss  648  per  cent. 

Per  cent. 

Iron  peroxide  ...         ...         1*71 

Iron  protoxide         ...         ...         ...         ...  35' 61 

Manganese  oxide     ...         ...  037 

Alumina        ...         ...         ...         ...         ...  835 

Lime ...         ...         ...  10-  53 

Magnesia       ...         ...         ...         ...         ...  403 

Potash  and  Soda      018 

Titanium  and  Soda  ...         ...         ...  0"18 

Silica  7- 75 

Carbonic  acid  ...         2525 

Sulphur         0-102 

Phosphoric  acid       ...         1-28 

Carbonaceous  matter  ...         ...         ...  036 

Combined  water      ...         ...         ...         ...  41 5 


99852 


Metallic  iron 2890 

Phosphorus  ...         ...         ...         ...         ...  056 

Loss  on  calcination              ...  26- 87 

Iron  in  calcined  stone         39-  52 

At  the  Carliu  How  Mine,  about  1^  mile  S.E.  of  Brotton,  the 
seam  is  thinner  and  can  be  divided  into  three  lifts,  of  different 
quality,  as  shown  by  the  partial  analyses  below,  communicated 
by  Messrs.  Bell  Brothers,  Ltd. 

Carlin  How  Two-foot  Seam. 

Thickness  of  Band. 

Top  6  ins. 
Middle  7  ins. 
Bottoms  his. 


Iron  in 

Silica  in 

dried  stone. 

dried  stone 

Per  cent. 

Per  cent. 

31-50 

g  n 

lM-60 

700 

19  80 

815 

1  ft.  9  ins.  Average  over  all,  OaO  on  dry, 
22' 60  per  cent. 

Avi cula  Seai/}. 
Many    analyses  of   the   Avicula    Seam    from    the    old    workings 
around  Grosmont  are  contained,  along  with  those  of  the  P< 
•Seam,  in  the  early  literature  already  referred    to,    and   it    will 

suffice  here  to  insert  a  few  results  obtained  during  the  later  period 

of  working-,  and  not  previously  published.     A  reprinted   ana 

of  the  deteriorated   seam  in  the  old  Esi  Valley  Mine    has  been 
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given  above  (p.  58).  The  four  analyses  which  follow  have  been 
selected  from  a  large  number  placed  before  us  by  the  courtesy 
of  Mr.  Gladstone  of  Grosmont,  and  are  intended  to  show  the 
average  quality  and  range  of  variation  of  the  seam  in  the  most 
recent  development  (up  to  1913)  of  the  '  East  Grosmont '  or  '  Esk- 
dale  '  Mine. 

Grosmont  Avicula  Seam. 
Analyses  made  at  the  Clarence  Iron  and  Steel  Works. 


Sul- 
phur. 


Iron  in 

Iron  hi 

Iron  in 

Loss  in 
calcina- 
nation. 

stone 

stone 

cal- 

Mois- 

as re- 

dried at 

cined 

ture. 

Silica. 

Lime. 

ceived. 

212°  F. 

stone. 

No. 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

1 

2739 

29-20 

37-38 

21-88 

6-2 

12-88 

— 

2 

2421 

25-60 

32-99 

22-42 

54 

1312 

8-23 

3 

2403 

25-40 

32-51 

21-88 

5-4 

1224 

9-25 

4 

2317 

2500 

32-95 

24-14 

7-3 

12-52 

901 

Per 

cent. 
0-48 
0-57 


1  In  the  whole  series  of  analyses  the  range  of  Sulphur  was  from  -32  to  1'46 
per  cent. 

Dogger  or  Toy  Seam. 
Eegarding  '  East  Rosedale,'  the  only  mine  at  present  working 
the  Dogger  Seam,  the  following  analytical  particulars  of  the  ore 
were  given  in  '  Eskdale,  Rosedale,  etc.,'  memoir  (p.  26),  and 
may  be  taken  as  still  fairly  representative,  though  the  stone  is 
variable  and  sometimes  falls  a  point  or  two  lower  in  iron  :  — 

Iron,  32-70;  Siliceous  matter,  9-27;  Phosphoric  acid,  1-64;  Water,  630; 
Loss  by  calcination,  28"  30  ;  Iron  in  calcined  stone,  45"  60  per  cent. 

At  the  abandoned  Sheriff's  Pit,  on  the  opposite  side  of  the  dale, 
an  average  of  five  samples,  quoted  in  'Jurassic  Rocks,  vol.  i. 
Yorkshire'  (p.  443)  gave:— Iron,  38-01  and  silica,  12-20  (with 
other  details) ;  but  there  appears  not  to  have  been  much  stone  of 
this  high  quality  in  the  mine. 

Many  analyses  of  the  magnetic  ore  from  the  worked-out  rich 
pockets  of  the  West  Rosedale  Mines  have  been  published.  The 
following,  given  in  the  'Eskdale,  etc'  memoir  (p.  27),  as  "the 
average  of  a  number  of  analyses  of  the  magnetic  stone,"  will 
serve  as  a  general  example. 

West  Rosedale  Magnetic  Ore. 

Peroxide  of  iron 

Protoxide  of  iron     ... 

Protoxide  of  manganese 

Alumina 

Lime  ... 

Magnesia 

Silica 

Carbonic  acid 

Sulphur 

Phosphoric  acid 

Carbonaceous  matter 

Combined  water 

Moisture        


Per  cent 

32 

56 

25 

92 

0 

22 

7 

13 

2 

84 

1 

82 

7 

03 

9 

38 

0 

02 

1 

57 

0 

56 

4 

88 

6-20 

100-13 
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Metallic  iron ... 
Loss  by  calcination 
Iron  in  calcined  ore 


Per  cent. 

42-95 

1806 

52-42 

Three  full  analyses  of  the  variable  Dogger  Seam  at  Grosmont  are  quoted  in 
the  memoir  last  mentioned  (p.  22),  showing  respectively,  Iron  2550,  17- 34,  and 
31-71  per  cent.,  with  Silica  1812,  23- 10,  and  8' 80  percent.  Further  analyses 
of  the  same  seam  at  Rosedale  Wyke  or  Port  Mulgrave  (Iron  32- 37,  Silica 
20- 32),  and  at  Raithwaite  Gill  (Iron  3106,  Silica,  3425),  are  quoted  in  '  Jurassic 
Rocks,  vol.  i,  Yorkshire  '  (p.  443).  Partial  analyses  of  the  Dogger  at  other  points 
are  included  in  the  description  of  borings  on  previous  pages  (pp.  42-44). 

The  following  analytical  results,  showing  the  composition  of  a 
7-foot  band  in  Kildale,  are  reprinted  from  J.  Phillips'  '  Geology 
of  Yorkshire;  Part  1.  The  Yorkshire  Coast,'  3rd  ed.,  1875,  p.  180. 

They  are  stated  to  be  the  "complete  analyses  of  the  thick 
bed  at  Kildale,  executed  by  Mr.  Pattison  at  the  Clarence  Works 
on  the  Tees."  From  the  context  it  might  be  presumed  that 
the  bed  referred  to  was  the  Main  Seam;  but  the  composition  of 
the  5tih  and  6th  foot,  which  are  practically  limestones,  and  the 
mention  of  the  phosphatic  nodules  therein,  shows  that  the  results 
relate  almost  certainly  to  the  Dogger  band,  probably  in  the  old 
Kildale  workings  mentioned  on  p.  37  and  described  in  the 
'North  Cleveland'  memoir,  p.  44.  The  separate  analysis  of  the 
phosphatic  nodules,  quoted  below,  is  of  interest,  as  showing  how 
greatly  they  affect  the  percentage  of  phosphorus  in  the  band 
containing  them. 


Top 
foot. 


2nd 
foot. 


3rd 
foot. 


4th 
foot. 


5th 
foot. 


6th 
foot. 


Bottom, 

7th 

foot. 


Protoxide  of 

iron. 
Peroxide  of 

iron. 
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manganese 
Alumina 
Lime 
Magnesia 
Silica 

Carbonic  acid 
Phosphoric 
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Water 
Sulphur 


Total  Metallic 
Iron 


Per  cent. 

Per  cent.  Per  cent.  Per  cent.  Per  cent.  Per  cent.  Per  cent. 

40-50 

31-95 

33-56 

28-28 

1543 

14-91 

32  01 

2-80 

9-50 

414 

871 

1-30 

1-80 

2-43 

0-37 

0-60 

o-55  ; 

0-54 

037 

0-37 

0-35 

543 

10-34 

903 

11-57 

538 

625 

923 

434 

3- 17 

4-48 

490 

29-31 

2800 

380 

321 

322 

3-21 

2  97 

2-25 

2-60 

4-31 

927 

15-47 

16  00 

I860 

1017 

1113 

15  2  7 

;    2860 

1880 

22-80 

1700 

29-60 

2980 

2680 

0-98 

109 

0-94 

102 

2-35 

1-92 

1-30 

306 

585 

471 

629 

2-46 

2-43 

3-20 

Not  esti 

mated,  b 

ut  a  very 

small  qu 

antitv. 

112 

i    9856 

9999 

99  42 

99-88 

9862 

9921 

9982 

3345 

31-50 

2900 

2810 

12-90 

12-85 

26  60 

.  .  .  "The  samples  of  the  2nd,  3rd,  and  4th  foot  were  slightly '  weathered  ' .  .  . 

The  carbonate  of  lime  hi  the  5th  and  6th  foot  samples  exists  as  small  o  -nfused 
crystals,  which  are  interspersed  with  a  number  of  pebble-shaped  nodules  con- 
taming  a  large  quantity  of  phosphoric  acid.  These  nodules  varied  in  size  from 
the  size  of  a  pea  to  that  of  a  chestnut.  A  number  of  them  were  collected  and 
analysed.  They  contained: — Alumina  27*97,  Lime  [2*92,  Magnesia 
Peroxidenf  iron  0-70,  Protoxideof  iron  408.  Phosphoric  a  cid  28*27,  Sulphur  0*52, 
Carbonic  acid  4-00,  Soda  0-40,  Carbonaceous  matter  1  •  27.  Water  2*84,  Insoluble 
in  hydrochloric  acid  15-60  per  cent." 
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Short  List  of  Works   relating  to  the  Cleveland 
Ironstone    Field. 


Geological  Survey  Publications. 

1854  to  1881.  Mineral  Statistics  (annual  volumes),  Mems.  Geol.  Surv.  Extracts 
and  note  ante  p.  35  (continued  annually  from  1882  to  date  as  Home  Office 
Blue-books). 

1856.  'The  Iron  Ores  of  Great  Britain,'  Part  I.,  Mem.  Geol.  Surv.  Contains 
description  of  Cleveland  ironstone,  with  full  analysis  by  A.  Dick.     pp.  45-47  ; 


95-97. 


Geological  Maps  of  the  Cleveland  district — 


1880-1883.     One-inch  Maps. 

Sheet  33,  New  Series  =  103  S.E 


Old  Series. 


„      42, 
i.      43, 

■1899.     Six 

Yorkshire  Sheet  7. 
»  8. 
„  9. 
„  17. 
„     19. 


Stockton  '  (drift  edition 

colour-printed  ;     solid 

edition,  hand  coloured.) 

34  „  =  104  S.W.  Old  Series.     '  Guisbrough  '    ,, 

35  with  44,  New  Series  =  104  S.E.  and  95  N.W.  Old  Series. 
'  Whitby  '  and  '  Scalby  '  (drift  edition,  colour-printed  ;  solid 
editions,  hand- coloured). 

New  Series  =  96  N.W.  Old  Series.  '  Northallerton  "  (drift 
edition,  colour- printed  ;   solid  edition,  hand -coloured). 

New  Series  =  96  N.E.  Old  Series.  '  Egton  '  (drift  edition, 
colour-printed  ;  solid  edition,  hand -coloured). 

1881-1899.     Six-inch  Maps. 

Upleatham  '  (1881  ;  hand-coloured). 
Saltburn  '  (1888;  hand-coloured). 
Boulby  '  (1878  ;  hand -coloured). 
Guisbrough  '  (1888  ;  hand -coloured). 
Staithes  '  (1899;  hand -coloured). 
The  remaining  Six-inch  Maps  of  the  Ironstone  held  are  not  published 
but  manuscript  copies  are  deposited  in  the  Geological  Survey  Library 
28,  Jermyn  Street,  London,  for  public  reference. 

1883-4.     Horizontal  Sections,  illustrative  of  the  Cleveland  Ironstone  district. 

Sheet  1 30.     From  Staithes,  through  Whitby,  across  the  Vale  of  Pickering 
to  the  Chalk. 
From  Redcar  by  Upleatham,  Danby,  Pickering  Moor  and 

the  Vale  of  Pickering. 
From    Middlesbrough    by    Eston,    Easby    Moor   and    the 

Howardian  Hills  to  Brandsby. 
From    Ferryhill  across   the   Tees    Valley,    Whorlton   and 

Osmotherley  Moors  to  Easingwold. 
From  Cod  Beck  across  Black  Hambleton,  Rosedale,  Egton 

High  Moor  to  Hawsker  Bottoms. 
From  Upsall  across  Boltby  Moor,  the  Hambleton  Hills  by 
Hackness  to  Gristhorpe  Bay. 
Short  explanations  of  each  of  the  above  are  also  published. 

1882  and  1915.  Fox-Strangways,  C,  and  G.  Barrow.  The  Geology  of  the 
country  between  Whitby  and  Scarborough.  (Explanation  of  Quarter-Sheets 
96  N.W.  and  104  S.E.  ;  =New  Series  Sheets  35  and  44).  1882  ;  Second 
edition,  1915. 

Notes  on  local  trials  of  Oolitic  ironstones. 

1885.  Fox-Strangways,  C,  C.  Reid  and  G.  Barrow.  The  Geology  of  Eskdale, 
Rosedale,  etc.  (Explanation  of  Quarter-Sheet  96  N.E.  ;  =New  Series  Sheet 
43.) 

Crosmont,  Esk  valley  and  Rosedale  ironstones  described,  with  details 
of  sections,  etc. 
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1886.  Fox-Strangways,  C,  A.  G.  Cameron,  and  G.  Barrow.  The  Geology  of 
the  Country  around  Northallerton  and  Thirsk.  (Explanation  of  Quarter. 
Sheets  96  N.W.  and  S.W.  ;  =New  Series  Sheets  42  and  52.) 

Ironstone  series  of  old  Swain  by  Mines  and  district  described. 

1888.  Barrow,  G.  The  Geology  of  North  Cleveland.  (Explanation  of  Quarter- 
Sheets  104  S.W.,  S.E.  ;  =New  Series  Sheets  34,  35.) 

General  account  of  the  North  Cleveland  mining  district,  with  details  of 
the  seams,  comparative  sections,  etc.,  and  notes  on  the  iron  industry. 

1892.     Fox-Strangways,  C.      The  Jurassic  Rocks  of  Britain,  vol.  i,  Yorkshire. 

Full  geological  account  of    the  ironstones  of  the  Yorkshire  Lias  and 

Oolites,  with  comparative  sections,  analyses,  etc.,  and  a  general  account  of 

the   ironstone   industry ;     mainly    compiled    from    the    '  sheet '    memoirs, 

mentioned  above. 

Other  Publications. 

1856-7.  Crowd eb,  W.  An  Attempt  to  Determine  the  .Average  Composition  of 
the  Rosedale,  Whitby  and  Cleveland  Ironstones.  Edinb.  New  Phil.  Journ. 
ser.  2,  vol.  iii,  pp.  286-296  ;  vol.  v,  pp.  35-53  ;  also  The  Chemistry  of  the  Iron 
Manufacture  of  the  Cleveland  District.  Ibid.,  pp.  264-276,  and  vol.  vi, 
pp.  234-256. 

General  analytical  study  of  the  ores,  iron,  and  slags :  includes  serial 
analyses  of  the  constituent  bands  at  Hutton  Low  Cross,  Swain  by,  Eston, 
Upleatham,  etc.  ;  also  of  ore  from  several  workings  now  abandoned. 

1857.  Mabley,  J.  Cleveland  Ironstone.  Outline  of  the  Mam  or  Thick  Stratified 
Bed,  etc.     Trans.  N.  E.  Inst.  M.  &•  M.  Em/.,  vol.  v,  pp.  165-219. 

Early  history  of  field  :  full  details  of  existing  works,  with  numerous 
sections,  analyses,  etc. 

1857.     Sorby,  H.  C.     On  the  Origin  of  the  Cleveland  Hill  Ironstone. 
Geol.  and  Pohjtech.  Soc.  W.  li.  Yorks,  vol.  iii,  pp.  457-461. 

First  statement  of  the  view  that  iron  had  replaced  lime  in  the  rock. 

1859.  Wood,  N.  Magnetic  Ironstone  in  Rosedale.  Trans.  N.  E.  Inst.,  M.  <£•  M. 
Eng.,  vol.  vii,  pp.  85-104. 

Description  of  magnetic  ore  and  discussion  of  its  relation  to  other 
Cleveland  seams. 

1861.  Bewick,  J.  Geological  Treatise  on  the  District  of  Cleveland  in  North 
Yorkshire,  its  ferruginous  deposits.  Liis.  and  Oolites  ;  with  some  Observation 
on  ironstone  mining.     8vo.     London  and  Newcastle. 

Deals  fully  with  the  early  history  and  literature  of  the  subject;  with 
sections  and  analyses. 

1864.    Bell,  I.    Lowthiax.    On  the  Manufacture  of  Iron  in  connexion  with  the 
Northumberland   and    Durham    Coal-field.     Rep.    Britislb   Assoc,    for   1863, 
pp.  730-764:    also  Trans.  N.  Inst.  Min.  Eng..  1864.  vol.  xiii.  pp.  730-764. 
General  account  of  Cleveland  ores,  with  analyses,  etc. 

1870.  Marley.  J.  Magnetic  Ironstone  of  Rosedale  Abbey.  Trans.  ^\  .  E.  Inst. 
M.  dh  M.  Eng.,  vol.  xix,  pp.  L 93-200. 

Con  tarns  plan  of  the  workings. 

1875.  Phillips.  J.  Illustrations  of  the  Geology  of  Yorkshire,  etc.  Part  i. 
The  Yorkshire  (oast.     3rd  ed.     4t>.      London. 

Historical  notes,  sections,  analyses,  etc.     pp.  173-182. 

1876.  Tate,  R.,  and  .J.   P.   Llvkk.     The  Yorkshire  Lias.     8vo.     London. 

Chap.  xiii.  pp.  118-166,  'The  Ironstone'  (full  description,  with 
sections,  etc.). 

Chap,     xiv.,    pp.  157-167,    '  Historical  Sketch   of   the    Diet     'cry  and 

Industrial  Application  of  the  Cleveland  .Main  Seam.' 

1880.     Barbow,  G.     The  Cleveland  Ironstone.     Proc.  Cleveland  Inst,  of  Eng. 
Session  1879-80,      Parti,  pp.  108-112;    Part   i.  pp.  180-188. 
Short  account  of  seams,  and  estimate  of  ore-reserves. 
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1881.     Bell,  I.    Lowthian.     The  Iron   Trade  in   Cleveland,   in    Handbook  of 

Middlesbrou  ih  and  District,  etc.,  for  .  .  .  British  Association  visiting  Cleveland, 
Sept.  8,  1881.     8vo.     Middlesbrough. 

Good  historical  account  of  growth  and  methods  of  iron  industry  to  date. 

1883.  Parkin,  C.  On  the  Mineral  Resources  of  the  Rosedale  Abbey  district. 
Trans.  N.  of  Engl.  Inst.  Enq.,  vol.  xxxii,  pp.  43-53. 

Some  particulars  of  the  later  workings  and  analyses. 

1886.  Kendall,  J.  D.  The  Iron  Ores  of  the  English  Secondary  Rocks.  Proc. 
N.  E.  hist.  M.  db  M.  Eng.,  vol.  xxxv,  pp.  105-157. 

Full  account  of  Cleveland  ironstones  with  sections,  analyses,  statistics, 
etc. 

1893.  Kendall,  J.  D.  The  Iron  Ores  of  Great  Britain  and  Ireland.  8vo. 
London. 

Cleveland  portion  mainly  a  reprint  of  the  author's  paper  of  1886. 

1907.  Pratt,  A.  E.  The  Ironstone  of  Cleveland.  Trans.  Inst.  Min.  and  Metall. 
vol.  xvi,  pp.  328-336. 

Description  of  mining  methods,  etc. 

1910.  Stead,  J.  E.  Cleveland  Ironstone  and  Iron.  A  paper  read  before  the 
Cleveland  Institution  of  Engineers,  Feb.  7th,  1910.  Separately  pub- 
lished, Middlesbrough. 

Full  discussion  of  petrographical  and  chemical  characters  of  ironstone 
and  iron. 

1913.  Burton',  J.  J.  The  Cleveland  Ironstone.  Naturalist,  April  and  May, 
1913.     pp.  161-8,  185-194. 

Comparative  sections  of  Cleveland  mines,  with  estimate  of  ore-reserves. 

1918.  Hatch.  F.  H.  The  Jurassic  Ironstones  of  the  United  Kingdom  economi- 
cally considered.     Journ.  Iron  and  Steel  Inst.,  vol.  xcvii,  pp. 71-125. 

Includes    general    description  of  Cleveland  field,  with  list  of  mines, 
analyses,  tables  of  output,  etc.,  to  date. 

1918.  Hatch,  F.  H.  Average  Analyses  of  British  Iron-Ores  and  Ironstones 
produced  in  1917-18  .  .  .  prepared  for  the  Iron  and  Steel  Production  Depart- 
ment.    Ministry  of  Munitions  of  War. 

Contains  analyses  of  ore  from  the  majority  of  the  producing  mines. 
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CHAPTEB   III. 

IRON     ORES     OF    LINCOLNSHIRE,     LEICESTERSHIRE, 

RUTLAND,    NORTHAMPTONSHIRE    AND 

OXFORDSHIRE.     (Introduction.) 

By  C.  B.  Wedd. 

The  geology  of  the  district  is  illustrated  by  numerous  maps 
and  by  memoirs  of  the  Geological  Survey,  to  which  reference  is 
made  below.  Of  these  memoirs  "  The  Geology  of  North  Lincoln- 
shire "  (1890)  contains  an  account  of  the  Frodingham  Ironstone, 
with  sections  and  lists  of  fossils  (pp.  21-31),  as  well  as  of  the 
Claxby  Ironstone  (pp.  108-10),  of  which  further  details  are  given 
in  '  The  Geology  of  Lincoln  '  (1888),  also  with  sections  and  fossil- 
lists  (pp.  94-6,  102-3),  and  in  '  The  Geology  of  East  Lincolnshire  ' 
(1887).  'The  Geology  of  Lincoln'  farther  supplies  an  account 
(pp.  36-42),  with  analyses,  of  the  Northampton  Ironstone  of  Mid 
Lincolnshire,  while  '  The  Geology  of  South-West  Lincolnshire, 
with  parts  of  Leicestershire  and  Nottinghamshire '  (1885)  de- 
scribes the  Marlstone  ore  of  that  part  of  Lincolnshire  and  the 
main  Leicestershire  ironfleld,  as  well  as  the  Northampton  Iron* 
stone  of  Waltham-on-the-Wolds  (pp.  37-42,  45-7,  117-21,  with 
analyses).  More  recent  accounts  of  these  are  given  in  l  The 
Geology  of  Melton  Mowbray  '  (1909,  pp.  40-9,  55-9,  90-6),  and 
of  the  Marlstone  of  the  Tilton  area  in  ;  The  Geologv  of  Leicester  ' 
(1903,  pp.  30-7).  'The  Geology  of  Rutland'  (1875)  contains  a 
full  description  of  the  Northampton  Ironstone  of  Rutland  and 
parts  of  Northamptonshire,  also  noticed  brieflv  in  'The  Geologv 
of  Part  of  Northamptonshire  '  (1860)  and  '  The  Geology  of  Parts 
of  Northamptonshire  and  Warwickshire  '  (1861).  'The  Jurassic 
Rocks  of  Britain  '  includes  a  description  of  the  Liassic  Iron-ores 
(vol.  iii,  1893,  pp.  300-7)  and  of  the  Northampton  Ironstone 
vol.  iv,  1894,  pp.  493-9),  as  well  as  numerous  measured  sections 
and  other  details.  Many  records  of  thickness  of  strata  and  depth 
of  the  ironstones  may  be  found  in  '  The  Water  Supply  of  Lincoln- 
shire '  (1904k  '  The  Water  Supply  of  Bedfordshire  and  Northamp- 
tonshire '  (1909)  and  *  Thicknesses  of  Strata '  (1916). 

Among  unofficial  papers  dealing  with  these  ironstones  and  their 
■iogy.   mention   may  be  made  of:  — 

Frodingham  Ironstone  : — '  Geology  of  North-west  Lincolnshire.'— Rev.  J.  E. 
Cross.  Quart.  Jour,n.  Otol.  Soc.,  vol.  xxxi  (1875),  p.  115. 

'  The  Frodingham  IxonfieM,  North  Lincolnshire  ' — G.  Dove,  Journ. 
Iron  and  Steel  Inst.  (ISTo).  p.  :!1S 

Marlstone  Ore  : — '  The  Lias  Marlstone  of  Leicestershire  as  a  source  of  Iron  ' — 
E.  Wilson.  Mid.  Xat..  vol.  viii  (1885),  p.  61. 
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Northampton  Ironstone  : — '  The  Northampton  Ironstone  Beds  in  Lincoln- 
shire ' — Capt  J.  G.  Macdakin,  Geol.  Mag.,  New  Ser.,  Dec.  ii,  vol.  iv 
(1877),  p.  406. 

'  The  Geology  of  Northamptonshire  and  Parts  of  Rutland  and 
Warwickshire' — Beeby  Thompson,  Geol.  Assoc,  'Geology  in  the  Field; 
the  Jubilee  volume  of  the  Association  '  (1910),  p.  450,  which  sum- 
marizes the  results  of  much  valuable  work  hi  the  district. 

Also  for  these  three  ironstones  : — 

'  The  Jurassic  Ironstones  of  the  United  Kingdom  economically 
considered.'  F.  H.  Hatch,  Journ.  Iron  and  Steel  Inst.,  vol.  xcvii, 
1918,  pp.  71-125. 

'  Average  Analyses  of  British  Iron-ores  and  Ironstones  produced 
in  1917-18.'     F.  H.  Hatch,  Ministry  of  Munitions  of  War,  1918. 

Claxby  Ironstone  : — '  On  the  strata  which  form  the  base  of  the  Lincolnshire 
Wolds  ;— J.  W.  Judd,  Quart.  Journ.  Geol.  Soc,  vol.  xxiii  (1867),  p.  227. 

'Additional  Observations  on  the  Neocomian  strata  of  Yorkshire  and 
Lincolnshire ' — J.  W.  Judd,  Quart.  Journ.  Geol.  Soc..  vol.  xxvi  (1870), 
p.  326. 

'  On  some  Recent  Borings  through  the  Lower  Cretaceous  strata  in 
East  Lincolnshire  ' — A.    J.    Jukes- Browne,    Quart.   Journ.    Geol.   Soc. 
vol.  xlix(1893),  p.  467. 

'  On  the  Speeton  Series  in  Yorkshire  and  Lincolnshire  ' — G.  W. 
Lamplugh,  Quart.  Journ.  Geol.  Soc,  vol.  lii  (1896),  p.  179. 

General  Characters  of  the  Ironstones. 

Three  iron-ores  are  now  in  use  in  these  counties,  while  a  fourth 
has  been  worked  to  some  extent  in  the  past  and  is  likely  to  come 
into  use  again.  All  these  ores  are  bedded  oolitic  deposits;  but 
their  oolitic  character  may  more  or  less  completely  disappear  on 
weathering. 

The  ores  in  question,  with  their  geological  age  and  general 
distribution,  are :  — 

Iron  ore.  Geological  formation.  Distribution. 

Claxby    (or    Nettleton)     Lower  Cretaceous     N.E.  Lines Not  now 

Ironstone.  worked. 

Northampton  Inferior  Oolite         Mid  and  South 

Ironstone.  Lines.,    Rutland,    I 

Northants. 
Marlstone  Ironstone    ...     Middle  Lias  ....       Mid  and  S.W.  Lines. 

and  Leicestershire. 
Frodingham  Ironstone       Lower  Lias    ....       North  lines 


Worked. 


These  ores  differ  from  one  another  considerably  in  composition, 
and  the  difference  has  an  important  bearing  upon  the  iron-indus- 
tries dependent  upon  them.  Apart  from  internal  variations  in 
the  proportions  of  constituents  from  place  to  place,  the  general 
points  of  difference  between  the  ores  may  be  summarized  thus: — - 

The  Frodingham  Ironstone  contains  more  than  enough  lime  to 
make  it  self-fluxing,  and  consequently  is,  for  practical  purposes, 
richer  in  iron  than  its  low  percentage  of  iron  implies.  On  the 
other  hand  its  excess  of  lime  precludes  the  use  of  its  whole  thick- 
ness by  itself  in  the  blast-furnace,  and  s"ince  the  whole  bed  is 
now  used,  the  addition  of  siliceous  (Northampton)  ore  is  neces- 
sary. Its  percentage  of  silica  and  alumina  is  less  than  those  of 
the  other  ores  used.     It  has  a  small  and  rather  constant  amount 
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of  phosphorus  and  a  small  amount  of  sulphur;  and  it  always  has 
a  considerable  manganese-content,  constant  within  narrow  limits. 
It  is  essentially  a  calcareous  and  manganiferous  ore. 

The  Maidstone  ore  of  Leicestershire  and  Mid  Lincolnshire  con- 
tains a  greater  proportion  of  iron,  and  on  the  whole  more  silica 
and  less  lime;  but  it  varies  greatly  in  it-  actual  content  of  silica 
and  especially  of  lime.  It  is  usually  classified  into  'siliceous* 
and  '  limy  '  varieties  according  to  the  amount  of  weathering  it 
has  undergone.  Moreover,  being-  worked  Largely  in  a  highly 
(;  calcified  state,  it  is  on  the  whole  more  porous  and  holds  a  larger 
amount  of  water  than  the  other  ores;  so  that  its  iron-percentage  is 
notably  increased  on  drying-.  It  contains  little  manganese  as 
compared  with  the  Frodingham  ore,  and  its  phosphorus-  and 
sulphur-percentages  are  also  rather  low. 

The  Northampton  Ironstone,  richer  in  iron  than  either  of  the 
other  two,  is  more  siliceous  and  less  calcareous  in  its  unweathered 
state.  It  has  a  low  percentage  of  sulphur,  and  contains  much  less 
manganese,  but  more  phosphorus,  than  the  Frodingham  ore.  It 
is  always  a  siliceous  ore,  while  here  and  there  containing  more 
lime  than  usual. 

The  Claxby  Ironstone,  not  unlike  the  decalcified  and  siliceous 
form  of  the  Marlstone  ore,  is  less  rich  in  iron  than  the  Northamp- 
ton ore  but,  like  it,  contains  much  more  silica  than  lime.  It  is 
poor  in  manganese  and  is  regarded  as  a  siliceous  ore. 

The  following  table  compares  the  average  values  of  the  prin- 
cipal chemical  constituents  of  all  these  ironstones:  — 


Frodingham 

Marlstone 

Northampton 

Claxby 

Ironstone. 

Ironstone.1 

Ironstone.  - 

Ironstone. 

Raw  Ore. 

1. 

2. 

3. 

4. 

— * 

~    5       -rL   & 

per  cent. 

•_ 

per  cent. 

per  cent. 

Iron,  in  moist  ore 

21-8 

255     2:}- 7 

3293 

27-:} 

Iron,  in  ore  dried  at 

100"  C. 

250 

332     294 

3904 

:*2-7 

Alumina,        do. 

}   ,,, 

12  1      10-9 
82        7-4 

1429 
6- 18 

1      20-8 
J 

Lime,              do. 

I  .v :. 

2-9     13-6 

3-41 

42 

Magnesia,       do. 

1-3 

■6           7 

■34 

— 

Manganese,    do. 

11 

•2           3 

•20 

— 

Sulphur,          do. 

■15 

1           2 

■09 

— 

Phosphorus,  do. 

25 

:\        -5 

•63 

— 

.Moisture 

12-8 

232      L9-0 

1648 

16-5 

1  Leicestershire. 


Main  Innitiekl  of  Northamptonshire. 
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The  difference  of  charai  ween  -dine  of  these  ores  has  led 

to  a  wide  difference  both  in  metallurgical  treatment  and  in  the 
resultanl  metals;  but  recently  the  stress  oJ  war  conditions  demand- 
ing an  increased  output  oi  basic  steel,  has  induced  changes  of 
practice  and  a  wider  production  oi  basic  iron  for  that  purp  3< 
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The  Frodingham  ore,  mixed  with  an  appropriate  complement 
of  siliceous  Northampton  ore,  yields  an  iron  suitable  tor  steel- 
making-  by-  the  basic  open-hearth  (bieinens)  process  or  by  the 
Talbot  process,  regarded  as  a  continuous  open-hearth  process. 
For,  while  it  contains  enough  manganese  to  eliminate  sulphur 
and  excessive  silicon  from  the  iron,  it  holds  too  much  phosphorus 
for  acid  methods  of  steel-making,  but  not  as  much  as  is  liked  for 
the  basic  Bessemer  process.  Consequently  the  '  white '  and 
'  mottled '  grades  of  iron  constituting  the  main  product  of  the 
Frodinghani  blast-furnaces  are  used  there  exclusively  for  making 
steel  by  the  basic  Siemens  and  Talbot  processes.  A  little  forge- 
iron  of  good  quality  and  a  less  proportion  of  foundry-iron  are 
also  produced. 

The  Marlstone  ore  of  Leicestershire  and  Lincolnshire,  as  used  in 
mixture  with  Northampton  ore,  and  sometimes  with  farther  addi- 
tion of  a  small  amount  of  more  calcareous  ore  as  ferric  lime,  con- 
tains less  silica  than  the  Northampton  ore  alone,  with  a  low  per- 
centage of  sulphur  and  manganese,  but  a  somewhat  higher  per- 
centage of  phosphorus.  The  mixture  is  suitable  for  making  good 
foundry-  and  forge-irons,  still  the  principal  use  of  the  Marlstone 
ore  in  the  Leicestershire,  Nottinghamshire  and  Derbyshire  fur- 
naces. But  many  ironworks  that  formerly  made  these  grades  of 
iron  alone  there,  are  now  producing  basic  iron  for  steel-making, 
and  for  that  purpose  are  using  chiefly  a  mixture  of  Northampton 
and  Frodingham  ores,  while  still  making  foundry-  and  forge-irons 
from  the  mixture  of  Marlstone  and  Northampton  ores. 

The  siliceous  Northampton  Ironstone,  formerly  sent  in  large 
quantities  to  the  coalfields  for  mixing  with  the  ealcareo-argil- 
laceous  ores  of  the  Coal  Measures,1  is  used  in  Northamptonshire 
without  admixture  of  other  iron-ore,  and  tends  to  produce  a  some- 
what siliceous,  phosphoric  and  fluid  metal,  relatively  free  from 
sulphur  and  adapted  for  foundry  use  in  making  iron  pipes  and 
small  castings  for  which  sharpness  of  detail  is  required.  Under 
ordinary  conditions  the  product  of  the  Northamptonshire  furnaces, 
commonly  mixed  with  other  irons,  has  made  foundry-iron  of 
several  qualities  and  forge-iron.  But  recent  requirements  have 
necessitated  a  partial  change  of  treatment  and  the  addition  of 
manganese-ore  or  manganiferous  slag,  to  render  the  pig  suitable 
for  making  basic  steel,  which  however  is  not  manufactured  in 
the  district.2  For  this  purpose  the  Northampton  ore  is  beginning' 
to  be  used  on  a  large  scale,  while  foundry-  and  forge-irons  are  still 
produced  extensively  in  Northamptonshire. 

Thus  a  consideration  of  the  ironfields  of  these  four  counties, 
from  the  point  of  view  of  the  different  ores  used  in  relation  to 
the  different  kinds  of  iron  produced,  suggests  a  classification  into 
three  provinces  of  iron-production,  in  each  of  which  the  nature  of 
the  ore  or  ores  available  determines  the  natural  quality  and  uses 
of  the  metal  obtained. 

1  J.  W.  Judd,  '  Geology  of  Rutland  '  {Mem.  Geol.  Surv.),  1875,  p.  112. 

2  Steel  appears,  however,  to  have  been  made  from  Northampton  Ironstone  at 
the  old  Towcester  Ironworks  about  1875.  See  R.  Meade,  'Coal  and  Iron 
Industries  of  the  United  Kingdom,'  1882,  p.  553. 
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These  provinces,  based  upon  the  geological  and  geographical 
distribution  of  the  three  native  iron-ores  employed,  may  be 
tabulated  as  follows  :  — 


Provinces 

of  iron- 
production. 

1.  Frodingham. 


Ores  used. 


Character  of 

chief  metals 

produced. 

Basic    iron    for 
making   basic 
steel :      Basic 
open-hearth 
steel. 


2.  Central 


Frodingham  Ironstone 
(Lower  Lias — calcare- 
ous and  manganiferous), 
with  addition  of  North- 
ampton ironstone  (In- 
ferior Oolite — siliceous) 
drawn  from  an  area  ex- 
tending from  Mid  Lin- 
colnshire through  Rut- 
land into  Northampton- 
shire. 

Marlstone    Ironstone  oi~)  Ordinarily,  high- 
Leicestershire  and  Mid         grade  foundry 
Lincolnshire      (Middle        and  forge- 
Lias — siliceous  and  cal-         irons  : 
careous),.  and    North- 
ampton   ironstone    of  }■ 
South        Lincolnshire, 
Rutland    and    North- 
amptonshire   (Inferior 
Oolite — siliceous)      to- 
gether. J 

Northampton  and  Frod-  \  Now  also     basic 
ingharn  Ironstones  >      iron  for  making 

together.  J      basic  steel. 


Seat  of 
iron-  or  steel- 
making. 

Frodingham 
district    (iron 
and  steel). 


Leicestershire, 
Nottingham- 
shire and 
Derbyshire 
(iron). 


3.  Northampton- 
shire. 


Northampton  Ironstone 
of  Northamptonshire 
and  Rutland  (Inferior 
Oolite — siliceous) . 


In  ordinary  times  Northampton- 
foundry-     and       shire  (iron), 
forge-  irons  of 
several  grades : 
now  also  in  in- 
creasing amount 
basic    iron  for 
basic  steel,  by 
addition         of 
manganese. 

Iii  some  cases  a  small  proportion  of  calcareous  ironstone  may 
replace  limestone  as  a  flux  for  insufficiently  calcareous  mixtures. 

The  above  table  does  not  account  for  the  whole  output  of  ore 
from  these  ironfields.  A  not  inconsiderable  proportion  of  I 
output  of  Northampton  Ironstone  from  Northamptonshire  and 
Rutland  and  oi  Frodingham  Ironstone,  as  well  as  all  the  output 
of  Marlstone  ore  fiom  Oxfordshire,  goes  farther  afield  to  other 
districts  of  iron-production  beyond  the  influence  oi  the  local  condi- 
tions of  iron-making  as  determined  by  the  distribution  ot  these 
ironfields  and  the  nature  of  their  ores.  Consequently,  while  the 
same  mixtures  are  used  for  the  same  purposes  in  some  Yorkshire 
furnaces,  such  part  ot  the  output  may  be  employed  for  making 
other  classes  of  iron  and  steel  from  different  mixtures,  and  the 
Frodingham  Ironstone  may  be  used  merely  as  ferric  lime  tor 
fluxing  insufficiently  calcareous  ores. 
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We  are  niucli  indebted  for  information  incorporated  in  this  and 
succeeding  chapters  to  the  ironmasters  and  others  interested  in 
iron-production,  and  especially  to  Messrs.  H.  K.  Scott  and  A.  A. 
Dolan  of  the  Ministry  of  Munitions,  Messrs.  J.  Henderson  and 
Julius  Behrendt  of  the  Frodingham  Iron  and  Steel  Co.,  Mr.  A. 
Crooke  of  the  Appleby  Iron  Co.,  the  Eedbourn  Hill  Iron  and  Coal 
Co.,  John  Lysaght,  Limited,  Mr.  James  Fletcher  of  the  Staveley 
Coal  and  Iron  Co.,  Mr.  Walter  C.  Fowler,  late  of  the  Stanton 
Ironworks  Co.,  Messrs.  T.  Sarson  and  H.  B.  Hewlett  of  the 
Holwell  Iron  Co.,  Mr.  Henrv  Preston,  F.G.S.,  of  Grantham, 
Mr.  S.  P.  Lloyd,  J. P.,  of  Lloyd's  Ironstone  Co.,  Mr.  N.  J. 
Kidner  of  the  Islip  Iron  Co.,  and  Mr.  W.  Falcon  of  the  Ebbw 
Vale  Steel  and  Coal  Co. 
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CHAPTER    IV. 

FKODLNGHAM  (LINCS.)  DISTRICT  (LOWER  LIAS). 

By  C.  B.  Wedd. 

Stratigraphy  of  the  Ore-bed. 

The  Frodingliam  Ironstone  occupies  a  position  near  the  middle 
of  the  Lower  Lias,  which,  as  well  as  the  Upper  Lias,  i-  much 
thinner  in  the  neighbourhood  of  Frodingliam  and  Scunthorpe 
than  farther  south.  The  following  general  section  expresses  the 
stratigraphical  relationship  of  the  Frodingliam  stone  to  other 
Jurassic   ironstones    of  Lincolnshire1:  — 

Inferior  Oolite  :  Ft. 

Lin co lnshire  Limestone  ...         ...         ...         ...         ...         ...  — 

Shale  (Lower  Estuarine  Series),  at  Appleby   ...         ...         ...  33 

Sandstone,  representing  Northampton  Ironstone  and  Sand  ...  2 

Upper  Lias  : 

Grey  Shale            26 

Middle  Lias  : 

Marlstone  Rock-bed  (here  a  poor  ironstone  or  locally  merely  a 

calcareous  sandstone)              ...          ...          ...          ...         7  ft.  —  8 

Pale  clays  with  cement-stone  nodules,  about...         ...         ...  TO 

Lower  Lias  : 

Pec  ten  Ironstone  (not  worked),  about...          ...          ...          ...  -4 

Clays  90ft— 9.3 

Frodingham  Ironstone,  up  to          32 

Clay-shales,    with    thin-bedded    limestones   in    lower   part. 

estimated  at     ...         ...         ...         ...         ...         ...         ...  170 

The  Frodingham  Ironstone  roughly  coincides  in  vertical  range 
with  the  Ammonite-zone  of  Semicostatus,  though  where  it  is  fully 
developed,  the  lowermost  4  or  5  feet  should  probably  be  assigned 
to  the  upper  part  of  the  underlying  Bucklandi  zone. 

While  more  or  less  ferriferous  oolitic  limestone  represents 
some  part  of  this  horizon  from  the  Humber  southward  throughout 
and  beyond  Lincolnshire,  the  Frodingham  bed  as  an  ironstone 
workable  under  existing  conditions  has  a  narrowly  restricted 
extent.  From  a  point  mid-way  between  the  villages  of  Colebj 
and  Thealby  southward  nearly  to  Bottesford  (see  map.  PI.  Ill), 
a  distance  of  about  7  miles,  it  is  workable  continuously  along  its 
outcrop;  but  northward  and  southward  of  these  points  it  deteri- 
orates rapidly  as  an  ironstone,  and,  so  far  as  is  known,  it  nowhere 
recovers  its  quality. 

1  See  Rev.  J.  E.  Cross.  'Geology  of  North-west  Lincolnshire,'  Quart.  Journ. 
Geol.  Soc.  vol.  xxxi,  1875,  p.  115,  and  W.  A.  E.  Ussher,  'Geology  of  North 
Lincolnshire'  (Mem.  Geol.  Surv.),  1890.  The  Pecten  Ironstone  and  some  part 
of  the  overlying  pale  ''lavs  were  regarded  by  IT.  B.  Woodward  »a  belonging 

rather  to  the  Lower  than  to  the  Middle  Lias  [*#e  '  Jurassic  Rocks  of  Britain  ' 
[Mem.  Geol.  Surr.).  vol.  iii.  1893,  p.  243]  :  but  in  the  absence  of  any  line  of  division 
the  whole  thickness  of  these  clays  is  here  retained  in  the  Middle  Lias,  as  in  the 
earlier  classification.  The  thicknesses  given  are  the  approximate  thicknesses  in 
the  neighbourhood  of  Frodingham  and  Scunthorpe. 
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The  whole  Seniicostatus  zone  appears  to  be  represented  at  Erod- 
ing' ham  by  about  27  feet  o±  calcareous  oolitic  ironstone.  But 
southward  the  lithological  character  of  the  strata  changes,  with 
a  great  increase  of  clay  sediment,  until  50  miles  farther  south,  in 
North  Leicestershire,  near  Barkston,  Plungar  and  Harby  this 
life-zone  is  represented  by  150  feet  of  clays  with  a  few  limestone- 
bands  and,  at  the  base,  a  thin  bed  of  more  or  less  ferriferous  oolitic 
limestone,  which  disappears  southward1  (cp.  PI.  IV,  Sect.  1  and 
PL  VI,  Sect.  2). 

Northward  a  farther  change  of  conditions  is  evidenced  by  a 
continued  decrease  of  thickness,  until  the  whole  Lower  Lias  com- 
prises only  150  feet  or  100  feet  of  strata  in  South  Yorkshire.2 

As  regards  the  extension  of  workable  iron-ore  under  cover  east- 
ward, the  existing  evidence,  derived  mainly  from  a  series  of 
borings  along  the  line  of  the  Homan  road  in  the  neighbourhood  of 
Appleby  and  for  some  distance  southward,  suggests  that  the  ore 
keeps  its  thickness  beyond  the  Roman  road,  opposite  the  central 
part  of  its  outcrop  [see  map,  PL  III),  but  does  not  improve  in 
quality. 

In  full  thickness,  as  distinguished  from  thickness  worked,  the 
Frodinghain  Ironstone  ranges  from  about  19  feet  at  the  north 
and  south  ends  of  its  working-area  to  a  maximum  of  32  feet  in 
the  middle  in  the  neighbourhood  of  Crosby  Warren,  with  an 
average  of  about  26  feet.  It  maintains  a  thickness  of  29  feet  or 
more  for  about  3  miles  along  its  outcrop,  from  the  latitude  of 
Frodingham  Station  northward  to  Coneysby  Bottom.  But  near 
Coleby,  less  than  a  mile  beyond  the  most  northerly  workings,  it 
diminishes  to  about  13  feet,  besides  deteriorating  in  quality ;  while 
southward  from  Ashby  Ville  at  the  south  end  of  the  working-area 
it  varies  rapidly  and  irregularly  between  full  thicknesses  of  5  feet 
and   19  feet  {see  Fig.   10). 

On  the  whole,  the  ironstone  is  best  where  it  is  thickest,  the 
variations  of  iron-content  rather  closely  following  those  of  thick- 
ness as  illustrated  by  the  curves  in  Fig.  10.  But  this  agree- 
ment does  not  hold  good  at  the  south  end  of  the  area,  at  Holme 
"Warren,  where,  according  to  the  evidence  of  one  boring,  a  great 
part  of  the  ore  appears  to  have  given  place  to  shale,  while  the 
small  remnant  retains  a  fairly  good  quality.  The  average  iron- 
content  is  3  or  4  per  cent,  higher  for  a  distance  of  about  3  miles 
in  the  middle  than  for  the  remainder  of  the  worked  outcrop. 

In  diminishing  southward  the  ironstone  seems  to  split  into 
several  beds,  of  which  some  die  out,  with  an  increase  of  inter- 
calated shales.  It  is  probably  the  lowest  part  that  disappears 
first.  Some  part  or  parts  persist  for  many  miles  farther;  but  the 
continuity  of  any  one  member  with  the  band  of  ferriferous  lime- 
stone at  the  base  of  the  Semicostatus  zone  in  North  Leicestershire, 
should  not  be  assumed. 

The  outcrop  of  productive  ore,  as  defined  above,  has  a  width 
varying  from  ^  mile  to  nearly  2  miles  and  embraces  an  area  of 
nearly  8f  square  miles  of  stone  that  can  be  worked  opencast.    But 

1  '  Geology  of  Melton  Mowbray  '  (Mem.  Geol.  Surv.),  1909,  p.  24. 

2  '  Jurassic  Rocks  of  Britain  '  (Mem.  Geol.  Surv.),  vol.  i  (Yorkshire),  1892,  p.  68. 
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owing  to  denudation  of  its  slight  westward  rise,  the  actual  thick- 
ness left  diminishes  westward.  Moreover,  the  upper  and  less 
calcareous  stone  was  worked  oft  in  former  years  over  a  not  incon- 
siderable part  of  the  outcrop.  After  making  allowance  for  the 
rejection  of  a  small  proportion  as  unprofitable,  the  actual  thick- 
ness worked  averages  IT  feet  or  18  feet,  and  varies  between  a 
maximum  of  30  feet  6  incites  and  a  minimum  of  2  feet  at  the 
extreme  edge:  but  this  minimum  is  only  worked  in  conjunction 
with  an  available  thickness  of  6  feet  or  8  feet  in  other  parts  of 
the  same  working.  The  dip  may  be  regarded  as  roughly  1  in 
100,  or  about  half  a  degree,  a  few  points  south  of  east,  in  the 
northern  part  of  the  district;  somewhat  more  in  the  central  part, 
where  the  ironstone  has  protected  the  lower  shales  sufficiently 
to  produce  relatively  high  ground  on  the  east  bank  of  the  Trent 
(see  PL  IV,  Sect.  1),  and  the  eastward  dip  is  perceptible  from  a 
distance.  But  south  of  Scunthorpe  the  ground  is  flatter  and  the 
dip  very  slight. 

The  eastward  dip  is  masked  locally  by  scarcely  perceptible 
undulations  in  a  north  and  south  direction,  merely  sufHcient  as  a 
rule  to  determine  a  northward  or  a  southward  drainage  in  the 
workings.  The  ironstone,  generally  overlain  at  the  surface  by 
a  varying  thickness  of  blown  sand,  not  shown  on  the  map  PL  III, 
passes  eastward  under  the  higher  shales  or  clays  which  come  on 
gradually  near  the  valleys  of  the  Winterton  and  Bottesford  Becks 
at  the  foot  of  the  Oolite  escarpment,  and  increase  rapidly  beyond 
as  the  ground  rises  to  that  escarpment ;  beyond  the  crest  of  which, 
in  old  shafts  at  Appleby,  the  thickness  of  cover  amounts  to  250 
feet  or  more. 

So  far  as  the  surface-working  has  yet  extended  eastward,  the 
cover  consists  entirely  of  soft  material.  The  blown-sand,  irre- 
gular in  distribution,  locally  absent,  seldom  many  feet  in  thick- 
ness, and  here  and  there  including  a  bed  of  peat,  constitutes  the 
only  cover  in  the  western  part  of  the  working-area,  and  may 
continue  eastward  above  an  increasing  thickness  of  Lower  Lias 
clay.  It  is  only  at  the  eastern  edge  of  the  working-area,  where 
the  ironstone  begins  to  pass  under  a  rapidly  increasing  thickness 
of  Liassic  clay,  that  the  cover  is  ever  more  than  12  or  15  feet 
thick.  In  one  pit  in  such  a  position  it  has  already  reached  a 
thickness  of  more  than  60  feet ;  but  in  the  present  stage  of  working 
such  a  thickness  is  exceptional. 

The  working-area  of  the  Frodingham  Ironstone  is  remarkably 
free  from  faults.  The  only  dislocation  likely  to  prove  of  any 
practical  consequence  passes  south  of  Appleby  in  a  direction  north 
of  west  towards  Flixborough.  It  crosses  the  ironstone-outcrop  at 
Coneysby  Bottom,  where  the  ore  is  not  yet  worked,  and  has 
disturbed  the  strata  on  the  north  side  of  the  next  working  to  the 
south . 

Description  of  the  Ore. 

The  unweathered  Frodingham  Ironstone  consists  essentially  of 
a  mass  of  aggregated  beds  of  calcareous  carbonate  ironstone  and 
more  or  less  ferriferous  limestone,  both  oolitic.  But  even  at 
considerable  depth  the  carbonate  oi*e  has  always  been  partially 
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changed  by  oxidation.  Individual  beds  seldom  exceed  2  feet 
in  thickness,  and  often  vary  greatly  within  a  short  distance. 
It  is  improbable  that  any  single  one  could  be  traced  far, 
though  certain  groups  persist  with  the  same  lithological  and 
palseontological  features.  Within  the  working-area  the  ironstone 
as  a  whole  is  remarkably  free  from  argillaceous  or  arenaceous 
intercalations.  A  very  few  thin  bands  of  dark  shale  or  hard 
clay  make  their  appearance  here  and  there;  but  they  seldom,  attain 
a  greater  individual  thickness  than  2  or  -J  inches,  though  locally 
one  of  them  may  increase  to  nearly  1  foot.  One  such  band  strongly 
impregnated  with  iron  pyrites  and  known  as  the  'sulphur  band,' 
persists  in  the  upper  part  of  the  ironstone  for  a  mile  or  two  in  the 
south-eastern  part  of  the  district,  and  is  usually  rejected. 

The  ironstone  varies,  chief!}'  in  iron-  and  lime-content,  from 
bed  to  bed,  and  from  place  to  place  in  the  same  bed.  The  differ- 
ence between  bed  and  bed  is  partly  inherent,  but  is  largely  due  to 
atmospheric  agencies,  and  still  more  is  the  lateral  change  within 
individual  beds.  The  variation  in  lime  may  range  from  nil  to 
30  per  cent. ;  in  metallic  iron  for  the  raw  stone  from  12  to  40  per 
cent,  locally  in  weathered  ore,  though  few  beds  contain  less  than 
IT  per  cent,  or  more  than  35  per  cent,  of  iron. 

Initial  differences  in  the  unweathered  ore  show  a  contrast 
between  two  extreme  types,  both  characteristic  of  the  Frodingham 
Ironstone,  with  various  intermediate  gradations.  The  two 
extreme  types  may  be  regarded  as: — ((7)  a  densely  oolitic  dark 
green  calcareous  carbonate  ironstone  consisting  of  closely  aggre- 
gated green  ooliths  in  a  dark  matrix,  which  looks  almost  black 
to  the  naked  eye;  (6)  a  less  densely  oolitic  blue  ferriferous  lime- 
stone with  grey  ooliths  in  a  bluish  calcareous  matrix,  often  con- 
taining streaks  or  bands  of  whitish  crystalline  calcite.  The  effect 
of  prolonged  water-percolation  at  and  below  the  surface  upon 
these  culminates,  at  a  late  stage,  in  a  soft  decalcified  ironstone, 
in  which  ooliths  of  a  rich  brown  colour  are  closely  packed  in  a 
soft  brown  matrix  :  finally,  the  top  beds  at  the  surface  may  disin- 
tegrate into  an  incoherent  brown  loam  rich  in  ferric-oxide. 
Different  degrees  of  weathering  acting  on  the  different  initial 
types  of  stone  produce  the  variations  of  lime-content,  hardness 
and  colour  that  are  used  by  the  iron-workers  lor  a  rough  classifi- 
cation of  the  ore  in  working.  The  terms  in  general  use  ait1  : 
"tine"  or  "mossy"  (loam);  "shingly  (weathered  stone  disin- 
tegrated into  small  subangular  fragments);  ''soft"  and  "  hard 
"brown."  "green,"  "blue,"  and  "pink"  stone,  of  which  the 
latter  four  may  be  also  "limy."  These  terms  merely  denote 
the  local  nature  and  condition  of  the  stone,  and  have  little  strati- 
graphical  significance  But  naturally  the  "  fine  "  and  "  shingly  " 
types  arc  found  only  ai  the  top.  The  harder  and  more  calcan 
types  prevail  in  the  middle  and  lower  parts,  while  the  '"pink'' 
stone  is  found  generally  at  or  near  the  bottom.  Under  the  above 
reservations,  the  difterenl  types  oJ  ironstone  alternate  frequently 
near  the  surface,  while  even  at  a  depth  of  "200  feet  or  more  per- 
colation and  oxidation  act  selectively,  and  brown  beds,  though 
constituting  a  much  less  proportion  of  the  whole,  may  be  found 
under  hard  erreen  or  blue  unweathered  stone. 
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The  above-described  effects  of  weathering  profoundly  modify 
every  bed  of  the  ironstone  as  it  rises  in  turn  westward.  Thus  beds 
composed  of  hard  iimestone  with  a  relatively  low  percentage  of 
iron  in  the  middle  and  lower  parts  of  the  ironstone  are  converted, 
by  solution  of  calcium  carbonate,  oxidation  of  carbonate  of  iron, 
and  removal  of  some  insoluble  matter,  into  soft  brown,  decalcified 
ironstone  with  a  much  higher  percentage  of  iron. 

The  prevalent  hue  of  the  Frodingham  Ironstone,  as  seen  in  the 
quarries  or  in  heaps  of  mixed  ore,  is  a  dull  deep  reddish  purple 
readily  distinguishable  from  the  reddish  or  yellowish  brown  of 
the  weathered  Marlstone  and  Northampton  ores. 

Xo  definite  lithological  sequence  can  be  determined  within  the 
Frodingham  Ironstone,  but  a  rough  sub-division  can  be  based  on 
combined  lithological  and  paleeontological  features.  A  group  of 
beds  in  the  middle  of  the  ironstone  is  always  highly  calcareous  in 
the  unweathered  state  and  always  contains  bands  of  a  large 
Cardinia,  so  numerous  that  its  thick  calcite  shells,  commonly 
coated  with  green  silicate  of  iron,  add  appreciably  to  the  lime- 
content  of  the  stone.  These  calcareous  Cardinia-beds  seem  never 
to  come  in  lower  than  about  5  feet  above  the  base  of  the  iron- 
stone, and  probably  do  not  ascend  higher  than  about  7  feet  below 
the  top,  in  the  complete  thickness  of  ironstone.  The  Cardinia- 
bands  are  not  constant  in  number,  and  the  group  of  beds  that 
contains  them  varies  from  about  5  feet  to  about  16  feet  in  thick- 
ness. They  form  a  conspicuous  feature  of  the  ironstone.  In  the 
thicker  clay-phase  of  the  Semicostatus-zone  farther  south  Cardinia 
is  not  common.1 

Another  characteristic  fossil  is  a  Gryphaea  of  the  group  of 
G.  cymbium  Lam.,  usually  rather  small  and  thin-shelled.  It 
occurs  in  large  numbers  in  certain  beds  at  intervals  throughout 
the  ironstone,  but  particularly  in  the  lower  beds.  Numerous 
small-ribbed  and  smooth  Pectens  are  found  throughout ;  also  a 
Pholadomya,  locally  abundant  and  near  the  top  often  retaining 
the  position  of  life.  Large  specimens  of  Plagiostoma  \Lima~\ 
giyanteum  (J.  Sow.)  occur  occasionally  in  the  lower  beds. 

The  zone-ammonite  Arnioceras  semicostatum  (Y.  and  B.)  is 
fairly  abundant  in  some  parts,  and  appears  to  range  from  4  feet 
or  5  feet  above  the  base  in  the  fullest  development  of  the  iron- 
stone to  the  top.  But  large  specimens  of  a  Coroniceras,  probably 
C.  gmuendense  (Oppel),  prevail  in  the  lowest  5  feet,  though 
apparently  not  found  higher;  and  on  that  account  this  lowest  part 
of  the  ironstone  should  presumably  be  assigned  to  the  Bueklandi- 
zone.  Oxynotoceras  o.rynotum  (Quenst.) — or  allied  forms — 
occurs  in  the  clays  above  the  ore  and  is  said  to  have  been  found 
in  the  top  bed  of  the  ironstone.2 


1  See  "  Geology  of  Melton  Mowbray  "  {Mem.  Geol.  Sterv.),  1909,  pp.  32-3,  and 
A.  E.  Trueman,  "  The  Lias  of  South  Lincolnshire,"  Geol.  Mag.,  Dec.  vi,  vol.  v, 
1918,  p.  72. 

-  For  lists  of  fossils  of  the  Frodingham  Ironstone,  see  Rev.  J.  E.  Cross, 
"  Geology  of  North-west  Lincolnshire,"  Quart.  Journ.  Geol.  Soc,  vol.  xxxi,  1875, 
p.  122,  and  "  Geology  of  North  Lincolnshire  "  {Mem.  Geol.  Surv.),  1890,  p.  22  and 
App.  1.     These  lists,  however,  need  revision. 
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It  mu.s  principally  the  calcareous  Cardinia-Beds  thai  at  an  early 
stage  of  the  development   of  the  iron-field   were  necessarily  re- 
jected as  mere  limestone,  to  avoid  excess  oi  lime  in  the  furn 
when  Frodingham  ore  was  used  by  itself  or  with  little  admixture 
of  siliceous  ironstone.1 

Chemical  Composition  . 

While  the  chemical  composition  ol  individual  beds  varies 
widely,  chiefly  in  the  proportions  of  iron,  lime,  silica  and  alumina, 
the  composition  of  the  ironstone  as  a  whole  shows  much  less  varia- 
tion within  the  area  in  which  the  ore  is  worked.  The  Froding- 
ham Ironstone  is  essentially  a  low-grade  ore,  with  an  average 
iron-content  of  rather  le.^s  than  22  per  cent,  in  the  raw  stone, 
before  drying,  and  of  about  25  per  cent,  in  the  same  stone  dried 
at  1(XP  C.  The  iron  is  almost  entirely  in  the  >tate  of  ferric  oxide 
(Fe203i)  in  the  brown  weathered  stone,  and  of  carbonate  (IeC03) 
with  admixture  of  ferric  oxide  in  the  green  unweathered  stone. 

The  average  percentage  of  silica  and  alumina  i>  difficult  to 
determine,  owing  to  differences  of  method  in  pic-  oalytical 

results;  but  probably  the  total  of  these,  "'insoluble"  and 
"  soluble  "  together,  averages  about  14"5  per  cent.,  there  being  a 
small  excess  of  silica  above  the  amount  necessary  for  combination 
with  alumina  in  silicates.  The  percentage  of  silica  ami  alumina 
is  certainly  much  greater  in  the  uppei  and  more  weathered  part 
than  in  the  lower  and  more  calcareous  part  of  the  stone. 

The  lime-content  is  the  most  variable.  The  average,  for  the 
whole  thickness  worked  at  several  different  workings,  amounts  to 
about  15'5  per  cent.,  with  extremes  of  about  0  and  21  per  cent. 
But  the  variation  in  lime  from  bed  to  bed  is  greater,  some  beds 
in  the  weathered  state  being  practically  free  from  lime,  while 
others,  unweathered,  occur  as  limestone  with  a  low  percentage  of 
iron.  It  has  already  been  mentioned  that  the  middle  and  lower 
parts  oi'  the  ironstone  are  in  their  ordinary  -'ate  more  calcareous 
than  the  upper,  the  dilference  resulting  not  entirely  from  weather- 
ing. Thus  in  one  case,  where  a  thickness  of  30  feet  G  inches  is 
worked,  the  upper  11  feet  S  inch--  averages  only  4'lo  per  cent, 
of  lime  (the  low  percentage  being  largely  the  result  of  weathering), 
while  the  lower  18  leet  10  inches  averages  1814  per  cent.,  and 
the  whole  1298  per  cent.  In  another  case,  where  the  iron- 
stoic'  is  worked  under  thick  cover,  including  many  feet  of  the 
overlying  Lower  Lias  clays,  and  ;-  less  weathered  than  usual,  the 
uppei  12  feel  9  inches  averages  15'84  per  cent,  of  lime,  the  1 
11  feet  (i  inches  averages  25*21  per  cent.,  and  the  whole  (24  feet] 
3  inches)  20*2  per  cent.  But  in  a  third  case,  where  only  the  lower 
beds  ranging  up  to  15  feel  in  thickness  crop  out  near  the  western 

margin  of  the  outcrop  and  ale  weathered,  the  8  -       ime-COntent 

ol  these  lower  beds  is  only  about  10  per  cent. 

A  small  amount  of  magnesia  i-  generally  present  (1  or  1*5 

cent.),  but  i-  usually  included  with  the  lime  in  analys 


1  See  G.  Dove.  "The  Frodingham  Ironfield,  North  Lincolnshire,*'  Journ.  Iron 
and  Sled  Inst.,  1876,  pp.  320  ami  327. 

Vol.  xii.  f 
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The  average  amount  of  manganese  in  the  ironstone  as  a  whole  is 
fairly  constant,  never  much  less  than  1  per  cent.,  and  seldom  as 
much  as  1-5  per  cent.  But,  locally,  the  manganese  is  said  to  be 
concentrated  in  certain  beds,  which  may  contain  individually 
as  much  as  33  per  cent,  of  manganese  peroxide1,  or  nearly  21  per 
cent,  of  metallic  manganese. 

The  sulphur-content  is  more  variable,  but  always  small.  It 
probably  averages  about  '15  per  cent,  in  the  ironstone  as  used. 
But  sulphur  may  be  present  in  excess  in  occasional  thin  beds, 
which  are  rejected. 

Phosphorus  always  occurs  in  small  quantity,  rarely  less  than 
"15  per  cent,  or  more  than  "35  per  cent.  It  is  not  always  estimated 
in  analyses,  because  it  can  be  assumed  not  to  be  present  in  excess 
of  the  amount  that  can  be  dealt  with  by  the  smelting  and  refining 
processes  employed.  The  average  percentage  of  phosphorus  may 
be  taken  as  25.  The  phosphorus  appears  to  be  disseminated  with 
the  calcium  carbonate,  in  the  form  of  calcium  phosphate. 

The  average  amount  of  moisture  contained  in  the  raw  stone  in 
its  natural  state,  as  worked,  may  be  taken  to  be  12'8  per  cent.,  i.e., 
the  loss  undergone  by  the  stone  when  it  is  dried  at  100°  C.  suffici- 
ently to  raise  the  iron-percentage  from  21'8  to  25;  but  the  actual 
amount  varies  according  to  the  state  of  the  weather. 

In  the  following  table  the  average  values  of  the  more  important 
constituents  of  the  Frodingham  Ironstone  are  tabulated  and  com- 
pared with  typical  analyses  of  the  workable  ore  in  its  normal  and 
extreme  aspects :  — 

Composition  of  Frodinghani  Ironstone. 


Typical  a 

nalyses    of 

workable 

Average  values 

Frodingham  Ironstone 

,  in  normal 

of  the  several 

and  extreme  aspects. 

Kaw  ore 

chief  chemical 
constituents 

in  moist  state 

'  as  received.' 

of  the 

Normal 

Richer 

Poorer 

Frodingham 

ore 

ore 

ore 

Ironstone. 

(surface). 

(surface). 

(under- 
ground). 

Percentages. 

Iron 

2P8 

21-95 

26-83 

19-89 

Iron  dried  at  100°  C 

250 

24-94 

33-00 

21-19 

.Silica 
Alumina 

}      ™      i 

7-80 
4-49 

11-62 
4- 14 

|      8-54 
)    (insol.) 

Lime 

155 

1812 

906 

2029 

Magnesia 

1-3 

105 

1-23 

— 

Manganese 

11 

105 

■987 

119 

Sulphur  ... 

•15 

•04 

•189 

•664- 

Phosphorus 

•25 

•31 

•297 

•318 

Moisture... 

128 

11-90 

18-70 

9-55 

Loss  on  calcination 

— 

22-70 

1691 

— 

1  G.  Dove,  "  The  Frodingham  Irontield,  North  Lincolnshire,"  Journ.  Iron  and 
Steel  Inst.,  1876,  p.  320. 

2  Unduly  increased  by  two  beds,  one  of  which  would  probably  be  rejected. 
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In  comparison  with  other  Jurassic  ironstones  the  Frodingharn 
stone  is  deficient  in  silica  in  relation  to  its  lime-content,  and  con- 
tains enough  lime  to  make  a  self-fluxing-  mixture  with  a  certain 
proportion  of  Northampton  or  other  siliceous  ore.  Its  rather 
high  percentage  of  manganese,  besides  reducing  the  small  amount 
of  sulphur  present,  admits  of  the  admixture  of  siliceous  ore  with- 
out introducing  silicon  iuto  the  pig  and  rendering  it  unfit  for 
steel-making  by  basic  processes.  The  moderate  phosphorus-con- 
tent of  the  Frodingham  ore  makes  this  mixture  suitable  for  the 
jiroduction  of  steel  by  the  basic  open-hearth  process. 

History  axd  Development. 

The  Romans  were  evidently  acquainted  with  the  Frodingham 
ore  as  a  source  of  iron,  and  worked  the  superficial  weathered  parts 
of  it  to  a  small  extent,  where  not  obscured  by  blown  sand ;  for 
Roman  pottery  is  found  in  association  with  old  smelting-hearths, 
in  which  the  slag,  mixed  with  charcoal  and  rich  in  iron,  remains 
undisturbed  under  a  foot  or  two  of  soil. 

There  is  no  record  or  evidence  of  the  ironstone  industry  at  Frod- 
ingham and  Scunthorpe  since  the  Roman  occupation  until  1859, 
when  Mr.  R.  Winn,  the  owner  of  all  the  property  on  which  the 
ore  was  first  worked,  disposed  of  2,000  tons  of  ironstone1.  The 
amount  increased  to  16,000  tons  in  I8602.  In  1861  Messrs.  W.  H. 
and  (i.  Dawes,  of  the  Milton  and  Elsecar  Ironworks,  began  the 
construction  of  a  railway  from  the  outcrop  of  the  ironstone  to 
the  Trent  for  the  purpose  of  shipping  the  ore;  and  erected  fur- 
naces at  Frodingham  in  18623,  in  which  year  the  output  of  ore 
amounted  to  more  than  50,000  tons1.  From  that  date  the  Frod- 
ingham Ironstone  has  been  worked  continuously.  The  output 
increased  steadily  and  exceeded  half  a  million  tons  in  1875s.  In 
1876  the  following  ironworks  were  in  operation6:  — 

Furnaces. 
Name  of  Company.  ( 

Trent  Iron  Company 

Frodingham  Iron  Company 

North  Lincolnshire  Iron  Company,  Ltd.  .. 

Lincolnshire  Smelting  Company,  Ltd. 

Red  bourn  Hill  Iron  and  Coal  Company,  Ltd 

Appleby  Iron  Company,  Ltd. 

9  12  21 

In  the  early  days  of  the  Frodingham  iron-industry,  much  of 
the  ore  raised  was  sent  to  Yorkshire,  wliere  it  was  probably  mixed 
with  other  ores.  Hut  at  Frodingham  the  local  ore  was  at  first 
used  by  itself  without  admixture  of  other  iron-tone.  This 
required  a  careful  selection  of  the  beds  to  be  used  and  involved  a 

1  "  Mineral  Statistics  of  the  United  Kingdom  "  (Mem.  Oeol.  Surr.). 

-   Op.  r,t. 

t.  Dove,  "The  Frodingham  Ironfield,  North  Lincolnshire.''  Jortrn.  Iron  and 
Steel  Inst.,  L876,  p.  320. 

4  'Mineral  Statistics  of  the  United  Kingdom  '  (Mem.  Qed.  Surr.). 

■  Op.  cit. 

6  G.  Dove,  op.  cit.,  p.  319. 

Vol.  xii.  r  2 
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classification  of  the  whole  into  ironstones  and  limestones,  the  latter 
being,  theoretically,  rejected;  but  complaints  arose,  in  the  case 
of  companies  that  did  not  themselves  lease  and  work  the  ore  they 
used,  of  the  difficulty  of  buying  it  free  from  limestone.  The  iron- 
stone beds  selected,  necessarily  containing  a  greater  percentage 
of  iron  than  the  whole  thickness  as  now  used,  themselves  carried 
enough   lime   for   fluxing.1 

A  farther  reason  for  excluding  the  more  calcareous  beds  would 
lie  in  the  amount  of  calcium  phosphate  associated  with  the 
calcium  carbonate;  for  before  the  introduction  of  basic  processes 
of  steel-making,  the  phosphorus-content  of  the  whole  ironstone 
must  have  militated  against  the  use  for  steel-production  of  any 
but  the  least  calcareous  parts  of  the  ore. 

The  tracts  worked  up  to  and  beyond  1876  lay  entirely  in  the 
southern  part  of  the  district,  and  included  at  the  surface  the 
basal  beds  of  the  ironstone  south  of  Frodingham  Station,  higher 
beds  east  of  Scunthorpe  village,  and  the  upper  beds  more  than 
a  mile  south-east  of  Frodingham.  Consequently  such  parts  as 
the  highly  calcareous  Cardinia-beds  (see  p.  76),  certainly  rejected 
in  their  unweathered  state,  were  included  as  good  ironstone  when 
weathered.  For  in  many  parts  of  the  oldest  workings  the  group 
of  Cardinia-beds,  more  or  less  weathered,  would  be  the  only  beds 
found  near  the  surface. 

A  consequence  of  these  earlier  conditions  of  working  was  that 
only  the  surface-beds  of  the  ironstone  were  worked,  probably  to  no 
greater  depth  than  10  or  12  feet,  and  that,  except  on  the  western 
margin  of  the  outcrop,  where  the  basal  beds  come  to  the  surface 
and  are  oxidized,  all  the  lower  part,  to  a  thickness  of  12  feet  and 
more,  was  left  in  the  ground,  and  is  now  being  got,  or  remains 
to  be  got.  The  remaining  area  of  this  partially  worked  stone  may 
be  estimated  at  about  one  square  mile. 

The  difficulty  of  selection  led  at  one  time  to  the  addition  of 
clay  to  the  ore  in  the  blast-furnace,  to  counteract  the  clogging 
effect  of  excessive  lime.  The  clay,  presumably  Liassic,  though  its 
geological  position  is  uncertain,  was  brought  from  Santon  on  the 
east  side  of  Frodingham.2  But  before  1874  the  present  practice 
had  been  introduced  of  mixing  siliceous  Northampton  Ironstone3, 
then  obtained  exclusively  from  Lincoln  and  used  in  proportions 
varying  from  one-eighth  to  one-quarter4. 

1  G.  Dove,  '  The  Frodingham  Ironfield,  North  Lincolnshire,'  Journ.  Iron  and 
Steel  Inst.,  1870,  pp.  320-1,  and  discussion,  p.  333. 

2  G.  Dove,  op.  tit.,  p.  322,  who  records  the  composition  of  Santon  clay  as: — 

Per  cent. 

Silica  ...         5010 

Alumina 

Peroxide  of  iron 

Lime  ... 

Magnesia 

Water  and  organic  matter 

9977 

3  J.  Dalgliesh  and  R.  Howse,  '  Some  Remarks  on  the  Beds  of  Ironstone 
occurring  in  Lincolnshire,'  Trans.  N.  of  Enq.  Inst.  Min.  and  Mech.  Eng., 
vol.  xxiv,  1874-5,  p.  25. 

4  G.  Dove,  op.  tit.,  p.  321. 
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Most  of  the  workable  area  [see  p.  72  and  mi  p,  PL  III. J  of 
ironstone  at  or  near  the  surface  is  own<  d  by  Sir  Berk  sley  Sheffield, 
Bart.,  and  Lord  St.  Oswald.  Except  that  the  Latter  owner  him- 
self raises  a  large  amount  of  ore  on  his  land  and  disposes  of  it  to 
various  iron-making  firms  at  Frodingham  or  elsewhere,  all  this 
area  is  leased  to  eigdit  companies,  who  work  the  ore  chiefly  for 
their  own  consumption,  and  smelt  most  of  it  at  Frodingham. 

In  this  way  the  whole  surface-area,  which  may  be  fart) 
defined  as  continuing-  eastward  until  the  cover  amounts  to  100 
feet,  is  divided  into  about  20  separate  working-tracts,  most  of  the 
companies  holding  leases  in  more  than  one  part  of  the  area.  At 
least  18  of  these  separate  tracts  are  now  being  worked,  for  the 
most  part  continuously,  bu1  in  a  few  cases  intermittently;  so  that 
practically  every  part  of  the  surface  area  of  workable  ironstone 
is  now  being-  exploited. 

Context,  Output  and  Reserves  of  Ore. 

The  total  area,  nearly  8|  square  miles,  as  defined  above,  of 
ironstone  at  or  near  the  surface,  may  be  estimated  to  have  con- 
tained altogether  about  222,000,000  tons  of  ore,  on  the  assumption 
that  one  acre  one  foot  in  thickness  gives  an  average  yield  of  2,400 
tons,  and  that  the  average  thickness  of  workable  stone  is  24  feet 
in  the  eastern  part  (about  3f  square  miles)  and  12  feet  in  the 
much  denuded  western  part  (nearly  5  square  miles). 

The  following  statistics  of  output  of  Frodingham  Ironstone, 
in  round  numbers,  for  every  fifth  year  from  1860  to  1880  inclusive, 
are  derived  from  "  Mineral  Statistics  of  the  United  Kingdom  " 
(Mem.  Geol.  Surv.):  — 

Year.  Output  in  tons. 

1860  ...  ...  16,000 

1865  125.000 

1870  ...  ...  217,000 

1875  ...  ...  -417.000 

1880  ...  ...  976,000 

The  total  output  from  1859  to  188i  inclusive  was  about 
7,260,000  tons  (ibid.).  A  calculation  based  on  the  later  Home 
Other  records  gives  about  52,500,000  tons  as  the  total  output  of 
Frodingham  Ironstone  to  the  end  of  1918,  alter  deducting 
estimated  quantities  for  the  other  iron-ores  raised  in  Lincolnshire. 
The  total  returns  of  all  iron-ores  worked  in  the  county  amount  to 
about  70,500,000  tons. 

Hut  the  actual  output  of  Frodingham  iron-ore  must  till  short 
of  the  total  diminution  of  ironstone-content  of  the  whole  ore-field 
during  the  same  period.  For.  at  any  rate  during  the  earlier  half 
of  the  period,  there  was  an  appreciable  wastage  ol  ore  in  the  reje<  - 
tion  oi  calcareous  bed-  that  were  then  regarded  as  unfit  for  use 
[see  pp.  79-80). 

An  independent  calculation  based   upon   the  area>   completely 
and  partially  worked  out,  and  upon  assumed  average  thickni 
suggests  about  69,000,000  tons  as  the  amount  by  which  the  total 
content   of  the  ironfield   lias  been    diminished   during  this  period. 
Probably   the  actual   total   loss  of  iron-ore  content  down  to  the 
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end  of  1916  has  been  about  60,000,000  tons.  This  would  leave  a 
reserve  of  162,000,000  tons  of  ore  under  not  more  than  100  feet 
of  cover;  from  which  a  further  deduction  of  2,699,532  tons  must 
be  made  for  the  output  in  19171,  which  shows  a  considerable 
increase  due  to  the  stimulus  of  war  conditions. 

At  present  all  the  ore  is  obtained  by  openwork,  and  the  question 
of  underground  mining  has  scarcely  yet  bean  considered  seriously. 
The  underground  extent  of  the  Frodingharo.  Ironstone  as  a  work- 
able ore  is  impossible  to  determine  on  the  scanty  existing  data. 
But  a  few  bore-holes  and  two  shafts  have  been  put  down  nearly 
on  the  line  of  the  Roman  road,  Ermine  Street,  which  runs  north- 
ward through  Apjneby  at  a  distance  varying  from  1^  to  2f  miles 
eastward  of  the  surface-area  of  the  ironstone.  These  trials  extend 
from  \  mile  north  of  Appleby  southward  for  about  2\  miles  (see 
map,  PI.  Ill),  and  show  no  appreciable  loss  of  thickness  in  the 
ironstone,  but  a  slight  diminution  of  iron-percentage  as  compared 
with  the  partially  weathered  and  concentrated  surface  ore.  If 
the  north  and  south  ends  of  this  line  of  exploration  be  joined 
by  straight  lines  to  the  corresponding  ends  of  the  surface-area 
as  already  defined,  the  included  space  will  amount  to  about  9j 
square  miles,  which  may  be  assumed  to  contain  an  average  thick- 
ness of  26  feet  of  ironstone,  or  374,000,000  tons  of  ore.  This 
figure  may  be  reduced  to  336,000,000  tons  to  allow  for  a  loss  of 
10  per  cent,  in  pillars.  While  this  is  a  minimum  estimate  as 
regards  area  (for  south  of  Appleby  the  ore  certainly  extends  a 
little  farther  eastward),  the  local  inferiority  of  some  beds,  coupled 
witli  the  difficulties  of  mining  so  great  a  thickness  of  ore,  might 
greatly  reduce  the  minable  thickness  and  consequently  the 
reserves  actually  available  for  mining. 

Methods  of  Workixg. 

A  strong  preference  exists  in  the  district  for  continuing  the 
present  system  of  open  quarrying  as  long  as  possible  before 
resorting  to  mining.  One  of  the  chief  advantages  of  quarrying 
is  that  a  large  output  can  be  obtained  rapidly  and  cheaply;  and 
the  companies  interested  will  probably  prefer,  in  working  east- 
ward under  increasing  cover,  to  remove  fully  100  feet  of  over- 
burden sooner  than  resort  to  mining.  Upwards  of  60  feet  is  now 
being  taken  off  in  one  case,  and  further  improvements  in 
machinery  are  expected  to  enable  still  greater  thicknesses  to  be 
removed  economically.  The  cover,  where  at  all  thick,  is  always 
stripped  off  by  steam-navvy;  but  thin  cover  is  usually  removed 
by  hand. 

Much  of  the  ironstone  is  still  being  worked  by  hand;  and  in 
some  quarries  hard  beds  require  blasting,  notably  a  hard,  grey, 
calcareous  bed  near  the  top  in  the  central  part  of  the  area  ;  but 
the  use  of  steam-diggers  is  increasing.  Certain  advantages  are 
lost  by  the  change  of  method,  for  where  the  working-face  of 
ironstone  can  be  graded  into  several  '  lifts  '  of  different  character, 
these  lifts  are  loaded  separately  by  hand-labour,  and  this  facili- 
tates  accurate   mixing  for  the   furnace.      But  the   steam-digger 

1  F.  H.  Hatch,  '  Average  Analyses  of  British  Iron-ores  and  Ironstones  pro- 
duced in  1917-18.'     {Ministry  of  Munitions  of  War.) 
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necessarily  mixes  the  stone  indiscriminately  by  digging  a  great 
thickness  together,  for  the  whole  thickness  is  then  divided  into  not 
more  than  two  or  three  lifts. 

Whereas  formerly  the  more  calcareous  parts  of  the  ore-bed 
were  rejected,  and  much  of  the  lower  part  was  left  in  the  ground, 
under  present  conditions  the  admixture  of  siliceous  ore  to  coun- 
teract the  excess  of  lime  and  the  introduction  of  basic  processes, 
which  permit  the  use  of  phosphoric  ores  for  steel-making,  have 
made  it  possible  not  only  to  utilize  the  whole  thickness  of  the 
Frodingham  Ironstone  in  the  blast-furnaces,  but  even  to  re-work 
ground  from  which  the  less  calcareous  upper  ore  had  been  worked 
off.  In  fact,  these  lower  beds  can  be  used  apart  from  the  upper, 
by  mixing  with  them  a  greater  proportion  of  Northampton  Iron- 
stone. The  only  parts  of  the  ore-bed  now  rejected  are  such  as 
may  contain  too  little  iron  for  profitable  use  in  the  furnace — 
theoretically,  any  part  containing  less  than  IT  per  cent,  of  iron — 
and  an  occasional  clay-band,  if  either  its  thickness  or  its  sulphur- 
content  justifies  the  trouble  of  elimination  by  hand-picking. 

The  working  of  the  ore  eastward  below  the  level  of  the  streams 
has  resulted  in  some  inconvenience  in  the  matter  of  drainage. 
Several  companies  have  combined  in  a  joint  system  of  pumping 
to  free  their  workings  from  water  and  at  the  same  time  to  supply 
their  engines.  For  this  purpose  the  water  so  obtained  from  the 
ironstone  is  not  good,  and  other  supplies  have  been  secured 
recently. 

The  Great  Central  Railway  Company  have,  on  their  line  from 
Grimsby  to  Doncaster,  extensive  mineral-sidings  at  Frodingham, 
from  which  standard-gauge  branch-lines,  some  privately  owned, 
run  to  the  ironstone-workings  on  both  sides.  Besides  the- 
light  railway  from  Scunthorpe  northward  by  i  salby  serves 
the  more  distant  workings  on  that  side.  These  railway  facilities, 
though  considerable,  are  generally  felt  in  the  district  to  be  inade- 
quate to  present  needs. 

As  the  different  leases  are  often  parallel  strips  of  ground,  the 
mineral-lines   cross  and   serve   the   leases   of   several   companies. 
The  line  of  intersection  of  these  leases,  being  thus  fixed,  deter- 
mines the  plan  of  working.     Successive  working-faces,   start 
from   the  fixed  point   at    which  the  line  enters  or  leaves  a   ' 
niav  radiate   fan-wise  on   either  side,   to  gel   as  long  a   '  fact 
possible  witboul  any  abrupl  bend. 

At  the  present  time  sis  companies  have  blast-furnaces  in  the 
district,  five  of  them   near  the  <iie   t   Central  main  line,  the  sixth 
Borne  distance  farther  north.     Two  oJ   these  companies  are 
making  steel  on  the  spot,  while  two  others  were,  in   1917, 

about  to  begin  steel-production  there.  Four  companies 
and  work  their  own  ore  .it  Frodingham,  but  the  other  two  buy  all 
the  Frodingham  ore  they  ase.  Four  other  iron  or  steel  comp 
quarry  tin's  ore  for  their  own  use  in  Yorkshire  and  Derbyshire1; 
and  some  of  the  ore  is  also  sold  for  smelting  in  the  Manchester 
and  Sheffield  districts,  at  Middlesbrough,  and  in  Derbyshire. 
When  used  al  a  distance  from  its  eource,  the  Frodineham  1 

>e  in  some  cases  Pec  »mes  a  secondarv  constituent  of  the  ore- 
mixture,  and  is  regarded  a-  'ferric  lime'  added  to  flux  the 
mixture     ml  at  the  -ante  tine  to  increase  it-  iron-content. 
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Most  of  the   companies  making  iron   at    Frodingham,    either 

calcine  or  roast  the  ore-mixture  before  putting  it  into  ike  blast- 
furnace. The  difference  between  the  two  processes  may  l»e  stated 
thus:  that  in  calcinating,  the  ore  is  subjected  to  the  flame  of 
burning  gases;  in  roasting,  only  to  the  heat  of  burnt  gases,  without 
coining  into  contact  witn  the  flame,  iioth  processes  are  carried 
out  in  kilns  of  various  types.  Two  methods  of  calcining  are  in 
use :  (a)  ore  and  coal  in  alternate  layers  are  ignited  by  burning 
gas  from  the  blast-furnace;  (6)  burning  gas  is  passed  over  the  ore 
Avithout  admixture  of  coal. 

No  reserve  of  quarried  Frodingham  ore  is  kept  as  a  rule,  the 
ore  going  direct  from  the  quarries  to  the  kilns  or  the  blast-furnaces. 
Consequently,  as  the  rate  of  quarrying,  as  well  as  the  condition 
of  the  stone,  varies  with  the  weather,  the  composition  and  con- 
dition of  the  mixture  may  vary  to  some  extent,  and  as  the  result 
of  unfavourable  weather  an  excessive  amount  of  slag  may  be 
produced  in  the  blast-furnace. 

At  first,  calcining  was  done  in  open  heaps  or  'clamps,'  as  it 
still  is  in  the  case  of  the  much  less  calcareous  Northampton  Iron- 
stone. But  it  was  found  that  this  method  of  calcining  rendered 
the  highly  calcareous  Frodingham  ore  too  friable  on  exposure  to 
the  weather.1 

For  the  blast-furnace  a  considerable  proportion  of  Northampton 
Ironstone,  always  a  siliceous  ore,,  is  mixed  with  the  Frodingham 
stone,  to  supply  more  silica  for  combustion  with  the  excess  of 
lime  in  the  Frodinghani  ore,  and  so  to  save  fuel  and  accelerate 
the  working  of  the  furnace.  Moreover,  the  Northampton  ore, 
being  richer  in  iron,  increases  the  iron-content  in  the  furnace, 
without  increasing  the  sulphur  or  notably  increasing  the  phos- 
phorus ;  while  the  Frodingham  ore  supplies  enough  manganese  to 
prevent  excess  either  of  sulphur  or  of  silicon  in  the  pig  for  basic 
steel-making.  The  proportion  of  Northampton  ore  used  may  vary 
with  circumstances  and  requirements;  but,  naturally,  more  of  it 
is  added  in  the  mixture  now  than  formerly,  when  only  the  less 
calcareous  parts  of  the  Frodingham  ore-bed  were  utilized.  The 
mixture  of  Frodingham  and  Northampton  ore  is,  of  course,  self- 
fluxing. 

Northampton  Ironstone  is  obtained  largely  from  Lincoln,  but 
also  from  Leadenham  and  districts  farther  south  in  Lincolnshire, 
from  Rutland,  and  even  from  more  distant  parts  of  Northampton- 
shire. 

Hitherto,  practically  no  other  ore  has  been  employed  for  the 
blast-furnace  mixture  at  Frodingham.2  The  Cretaceous  Claxby 
Ironstone  of  North  Lincolnshire  is  considered  quite  suitable  as  a 
siliceous  constituent,  but  until  the  present  time  it  has  been 
rejected,  chiefly  on  the  score  of  expense  of  working  and  transport. 
Now,  however,  one  company  has  made  arrangements  to  mine  it 
for  that  purpose. 

1  G.  Dove,  'The  Frodingham  Ironfield,  North  Lincolnshire,'  Journ.  Iron  and 
Stepl  Inst.,  1876,  p.  323. 

2  In  one  case,  however,  a  small  proportion  of  siliceous  Marlstone  ore  from  South 
Northamptonshire  is  used,  perhaps  without  realization  that  it  is  not  "  Northamp- 
ton Ironstone  "  in  the  geological  sense. 
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Local  Details,  Analyses,   etc. 

The  map,  Plate  FIT.,  nidi'  v  the  surface  of  workable  ironstone 

bs  divided  between  the  several  companies  that  lease  or  own  the  ore.  The 
Frodingham  Iron  and  Steel  Company  have  eight  worki':g-areas.  comprising  the 
north  and  south  ends  and  some  of  the  centra]  parte  of  the  ironstone-outcrop. 
Three  of  these  form  a  continuous  tract  around  the  Company's  works  east  of 
Frodingham  Station  and  are  now  nearly  <  >  ;  while  the  Ash  by  Ville  lease, 

at  the  south  end,  has  been  abandone  1  as  unremuneratH  e.  The  Onnpany  nowa- 
days obtain  their  supply  ot  Frodingham  ore  from  their  Thealby,  Coneysby, 
Crosby  Warren  and  Yarborough  pits,  besides  buying  ore  from  Lord  St.  Oswald  ; 
but  in  1917  work  had  been  suspended  temporarily  at  Crosby  Warren,  and  the 
bulk  of  the  ore  then  being  used  was  coining  from  the  Thealby  and  Yarborough  pits. 

The  Frodingham  Company  work  the  ore  partly  by  hand,  in  which  case  the  whole 
thickness  is  divided  into  several  '  lifts."  loaded  separately,  and  partly  by  steam- 
digger,  with  a  tendency  to  increase  the  proportion  of  work  done  by  mechanical 
means.  Thick  cover,  as  in  the  Yarborough  lease,  is  removed  by  special  cover- 
digger  with  long-arm  transporter. 

The  company  sell  only  a  small  amount  of  their  ore  ;  they  use  in  their  own 
blast-furnaces  nearly  all  their  output,  mixed  with  a  certain  proportion  of  North- 
ampton Ironstone  and  roasted  in  kilns,  for  making  chiefly  basic  iron  for  steel- 
production. 

Messrs.  John  Lysxght,  Ltd.,  having  works  situate!  between  Scunthorpe  and 
Flixborough,  nearly  two  miles  north-west  of  Frodingh  n,  hold   a  large 

lease  skirting  Normanby  Parkin  the  northern  part  of  the  area,  and  a  small  detached 
tract  a  little  farther  south. 

They  work  their  ore  now  entirely  by  steam-digger.  None  of  it  is  sold.  They 
use  their  Frodingham  ore  in  the  raw  state,  with  the  addition  of  Northampton 
Ironstone  from  Lincoln  and  elsewhere,  in  their  blast-furnaces,  which  produce 
basic  iron  for  steel-production. 

The  Yorkshire  Iron  Co.,  Ltd.,  have  a  single  area  adjoining  the  south  side  of 
Messrs.  Lysaght's  lease,  but  have  no  furnaces  in  the  district.  They  use  their 
Frodingham  ore  in  their  own  furnaces.  The  Redbourn  Hill  Iron  and  Coal  Co., 
Ltd.,  besides  holding  a  tract  not  yet  worked  at  Coneysby  Bottom  on  the 
south  side  of  the  Yorkshire  Iron  Co.'s  lease,  have  their  principal  holding  of 
ironstone  in  the  central  part  of  the  outcrop,  and  their  ironworks,  near  which 
they  have  worked  out  a  considerable  area  of  ironstone,  a  mile  east-south- 
east of  Frodingham  Station.  Until  recently  this  company  have  worked  the 
ironstone  entirely  by  hand,  in  several  lifts,  loaded  separately.  But  they  are  now 
using  the  steam-navvy,  which  works  the  ore  in  two  lifts.  They  calcine  their 
Frodingham  ore  in  kilns,  with  addition  of  Northampton  ore.  which  they  buy. 

The  Midland  Iron  Company.  Ltd..  owned  jointly  by  the  Staveley  and  l'arkgate 
Companies,  work  four  separate  areas  of  ironstone  in  the  Frodingham  district, 
viz.,  Berkeley  lease  south  of  the  Frodingham  Iron  and  Steel  ( lompany's  <  kmeysby 
lease;  Crosby  and  (debe  leases,  respectively  north  and  south-east  "f  Crosby 
village,  both  small  areas  on  the  outer  margin  of  the  outcrop  :  and  Beauchamp 
lease  on  the  south-west  margin.  They  get  the  ironstone  chiefly  by  Bteam  i 
but  also  partly  by  hand.  Both  methods  are  used  in  their  Berkeley  tease;  the 
I  i  -by  lease  is  worked  entirely  by  hand  ;  and  the  other  two  entirely  by  mechanical 
means. 

The  Sheepbridgc  Coal  and  Iron  Company,  Ltd..  have  a  tease  in  the  middle  of 
the  outcrop  between  the  Redbourn  Hill  Company's  working-area  on  the  north 
and  the  Frodingham  Company's  Crosby  Warren  lease  on  the  south.  They 
work  the  ore  by  ha  ml  except  the  Lowermost  seven  feet,  \\  hich  w  ill  be  got  by  steam- 
digger. 

Messrs.  Walter  Scott,  Ltd..  who  have  their  furnaces  a.t   1.' 
a.rea  southward.     They  remove  thick  cover  by  Bteam-digger,  but  work  the  i  re  by 
hand. 

Lord  St.  Oswald  works  Ins  own  ironstone  in  several  separate  workings.  \i7.  : — 
Crosby  pit  (between  the  workings  ol   BfeSSrs    W.  Iter  Scott  on  the  north  and  the 

Trent  Company  on  the  south);    i    Long  continuous  tract  extending  southward 

from  the  Trent  Company's  ground  to  the  southern  limit  of  workable  stone,  and 
div  ided  into  three  workings  knov.  n  as  '  \"o.  J.'  '  \o.  3,'  and  'Wing,'  in  Older  from 
north  to  south  ;   Chatterton  pit,  on  the  south-west  margin,  between  the  Midland 
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Company's  Beauchamp  lease  and  the  Frodingham  Company's  Ashby  Ville  lease. 
He  works  the  ironstone  partly  by  hand,  partly  by  steam-digger,  but  is  extending 
his  use  of  the  latter  method  of  working. 

The  Trent  Iron  Company,  Ltd.,  hold  a  lease  extending  chiefly  along  the  north 
side  of  the  Great  Central  Railway,  but  passing  also  to  the  south  side,  their 
furnaces  being  situated  on  the  north  side.  They  work  the  ironstone  chiefly  by 
hand,  the  hard  lower  beds  being  blasted  and  the  larger  lumps  broken  by  hand  ; 
but  in  1 917  they  had  installed  one  steam-digger.  They  use  their  ironstone  in  the 
raw  state  in  their  own  furnaces,  with  the  addition  of  Northampton  ore  from 
Lincoln,  for  the  production  of  basic  pig  for  steel-makuig. 

The  Appleby  Iron  Company,  Ltd.,  have  no  surface-area  of  Frodingham  Iron- 
stone, but  retain  a  lease  of  ground  for  future  mining  between  Appleby  Station  and 
Appleby  village.  They  buy  all  the  Frodingham  ore  used  in  their  furnaces,  chiefly 
from  Lord  St.  Oswald,  and  calcine  it  for  smelting  with  the  addition  of  Northampton 
ore. 

The  North  Lincolnshire  Iron  Company,  Ltd.,  with  furnaces  less  than  a  mile 
east-south-east  of  Frodingham  Station,  work  no  Frodingham  ore  themselves, 
but  buy  from  Lord  St.  Oswald.  They  calcine  the  ore,  with  admixture  of  their 
own  Northampton  Ironstone  frcm  Easton,  near  Stamford. 

A  series  of  borings  on  the  outcrop  north  of  the  working-area  from  a  point 
about  three-quarters  of  a  mile  north  of  West  Halton  village  southward  beyond 
Coleby  to  a  point  half  a  mile  north  of  the  most  northerly  working  at  Thealby, 
proved  the  ironstone- bed  for  a  distance  of  more  than  a  mile  and  a  half,  and  showed 
a  variable  iron  -  content  ranging  from  only  6-  8  per  cent,  to  1 5-  7  per  cent,  in  the  moist 
stone,  for  a  full  thickness  of  13  ft.  or  less.  Only  one  of  these  trials  (in  Coleby 
village)  showed  any  ironstone  of  workable  quality,  viz.,  3  ft.  7  ins.  of  good  iron- 
stone with  an  average  iron-content  of  24-5  per  cent,  (moist  stone)  in  a  total 
thickness  of  10  ft.  10  in.,  mostly  very  poor  stone,  for  the  iron-percentage  of  the 
whole  thickness  amounted  to  only  15-7.  Consequently,  though  few  of  these 
borings  passed  through  the  full  thickness  of  the  undenuded  bed,  the  ironstone  has 
evidently  diminished  considerably  in  thickness  and  deteriorated  greatly  in 
quality,  in  the  short  distance  nortlrward  from  the  nearest  working.1 

Thealby  Pit  [Frodingham  Iron  and  Steel  Co.). — This,  the  most  northerly  of  the 
ironstone-pits,  is  one  of  that  Company's  more  recent  working-areas,  and  only  a 
small  proportion  of  the  ground  has  been  worked  out.  Cover  is  thin  or  absent. 
The  maximum  thickness  of  ironstone,  so  far  as  the  working  has  extended  eastward, 
is  about  18  ft.  6  in.,  the  top  beds  having  been  removed  by  denudation.  The 
whole  remaining  thickness  is  worked.  The  complete  thickness  of  the  bed,  where 
it  passes  eastward  under  the  Liassic  clays  in  the  immediate  neighbourhood,  ranges 
from  23  ft.  to  27  ft.,  as  proved  by  boring.2 

The  following  average  analysis  represents  the  composition  of  the  ironstone 
in  the  Thealby  Pits  in  Sep  ember,  1918:— 
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The  next  lease  southward  (John  Lysaght,  Ltd.),  adjoining  the  Frodingham 
Iron  and  Steel  Company's  Thealby  lease,  has  been  worked  only  for  a  few  years 
and  merely  a  narrow  strip  along  the  east  side  has  been  exhausted.  The  cover, 
consisting  of  bkran  sand,  ranges  hi  thickness  from  3  ft.  to  8  ft.  6  in.,  and  the 

1  Based  on  information  supplied  by  the  Frodingham  Iron  and  Steel  Co.,  Ltd. 

2  Information  from  the  Redbourn  Hill  Coal  and  Iron  Co.,  Ltd. 

3-  Here,  and  elsewhere  throughout,  matter  within  square  brackets  is  addi- 
tional to  the  original  account. 
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ironstone,  which  ,  as  there  worked,  includes  all  but  the  highest  part  of  the  ore- bed, 
from  5  ft.  6  in.,  where  most  denuded,  to  17  ft.  3  in.,  with  an  average  of  about  13  ft. 
The  average  composition  of  the  ironstone  worked  in  July,  1916',  was  : — 
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Per  cent. 

Iron    ... 

2110 

Silica  ... 

825 

Alumina 

542 

Lime  ... 

1863 

Magnesia 

1-12 

Manganese 

110 

Sulphur 

045 

Phosphorus 

•31 

Nickel 

009 

Chrome 

•nor, 

Oxygen 

9-70 

Loss  ... 

20-99 

Moisture 

12-92 

nble     ... 

9-54 

ctly  calcined  ston 

c 

31-93 

Total  insoluble 


In  the  adjoining  area  on  the  south  (Yorkshire  Iron  Co.,  Ltd.)  the  cover  of 
blown  sand  ranges  in  thickness  from  nil  to  several  feet ;  but  the  ground  con  taming 
the  thickest  cover  and  the  greatest  thickness  of  ore  at  the  east  end  of  the  area 
has  not  yet  been  worked. 

The  following  is  a  partial  analysis  of  the  Yorkshire  Company's  Frodingham 
Ironstone : — 2 

Raw  ore,  as  received. 

Per  cent. 

Iron  21-28 

Iron  (dried  ( re)  24-40 

Silica  ...         ...         ...         ...         ...  5*76 

Lime  19-34 

Moisture 12-80 

The  next  lease  southward  (Redbourn  Hill  Coal  and  Iron  Co.)  includes  the 
shallow  depression  known  as  Coneysby  Bottom.  In  1917  it  had  not  begun  to  be 
worked,  but  trialing  is  stated  to  have  proved  the  ore  to  be  satisfactory.  How- 
ever, an  apparent  line  of  disturbance  traversing  the  depression  in  a  westerly 
direction  (see  p.  74)  and  the  possibility  of  erosion  beneath  the  blown  sand,  may 
cause  trouble  in  some  parts  of  tibia  area. 

The  Coneysby  lease  (Frodingham  Iron  and  Steel  Co.),  a  relatively  small  area 
projecting  into  the  south-eastern  part  of  the  tract  last  described,  shows  on  its 
north  side,  where  it  approaches  the  above  line  of  disturbance,  a  strong  northward 
dip  accompanied  by  BOme  disruption  and  confusion  of  the  ironstone-bed.  This 
part  of  the  working  had  been  temporarily  abandoned  in  1917.  Only  a  small  part 
in  ttic  south-east  oornex  of  the  lease  lias  been  worked  out.  The  cover  is  blown 
sand  of  no  great  thickness  and  the  ironstone  is  similar  to  that  of  neighbouring 
workings. 

Tn  the  Berkeley  pit  i  .Midland  Iron  <  bmpany,  Ltd.),  the  next  t  >  the  wrath,  i 
of  the  working  lias  been  done  on  the  west  side  of  the  road  from  Soanthoi 
Winterton.     A  considerable  part  in  the  middle  of  this  lease,  amounting  however 
bo  less  than  half,  has  been  worked.    The  thickness  of  ironstone  in  thiaworke  I 
is  ab  'Mt  22  ft.  for  the  north-western  quarter,  where  alone  the  whole  thioknee 
been  got,  bu1  increases  to  .'><>  ft.  southward  within  the  lease.    In  the  remaining 
three  quarters  of  the  worke  I  area  the  lower  pari  I  i  a  thickness  of  about  l"  fl 
been  left  in  for  the  present,  white  the  upper  two-thirds,  amounting  to  SO  ft.  in 
the  southern  part,  has  \n-i>n  worked  >>tV.  in  two  '  1  i t -  un -digger. 


1  From  a  detailed  analysis  supplied  by  John  Lysagbt,  Ltd. 

-From  F.  H.  Hatch,  'Average  analyses  of  British  Iron-ores  and  Ironstones 
produoed  in  1917-18'  {Ministry  MuniH 
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A  fault  crosses  the  east  side  of  the  worked  area  at  about  45  yds.  south  of  the 
north  boundary  of  the  lease,  where  it  has  a  northward  downthrow  of  about  8  ft. 
It  runs  south  of  west  and  crosses  the  west  side  of  the  pit  about  90  yards  south  of 
the  north  boundary,  with  much -diminished  throw. 

The  cover,  chiefly  of  blown  sand,  ranges  from  one  or  two  feet  to  somewhere 
about  12  ft.  locally. 

In  a  small  triangular  corner  of  the  lease  east  of  the  railway  and  the  road,  the 
ironstone  passes  under  the  overlying  Lower  Lias  e lay,  which,  so  far  as  the  work 
has  proceeded,  is  only  a  few  feet  in  thickness,  but  is  increasing.  This  part  is 
worked  by  hand. 

The  following  analyses1  show  the  composition  of  different  types  of  the 
Frodingham  Ironstone  in  the  Berkeley  pit,  and  of  a  mixture  of  these,  probably, 
however,  excluding  the  lower  beds  :— 
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From  hereabouts  for  three  miles  south-eastward  the  ironstone  everywhere 
maintains  a  full  thickness  of  not  less  than  29  ft.  and  is  at  its  best. 

Of  the  next  area  southward,  the  Sheffield  lease  (Red bourn  Hill  Co.),  a  consider- 
able part  has  been  fully  worked  out,  on  both  sides  of  the  railway,  which  traverses 
this  and  succeeding  areas  on  the  south.  In  earlier  years  the  lower  12  ft.  was  not 
worked,  but  since  the  whole  thickness  came  into  use,  these  lower  beds  have  been 
completely  worked  out  to  the  limit  of  eastward  working  on  the  east  side  of  the 
railway.  Of  the  full  thickness  of  the  ironstone,  amounting  to  30  ft.  6  in.  in  the 
eastern  'face,'  the  upper  three  beds,  viz.,  the  much  weathered  and  disintegrated 
'  fine  '  and  '  shingly,'  and  the  '  mossy  brown  '  beds,  are  richest  in  iron.  But  the 
last-named,  together  with  a  '  hard  grey  limestone '  below,  thins  out  westward  and 
becomes  unrecognizable.  This  hard  limestone  is  the  only  bed  here  that  requires 
blasting.  The  '  sulphur-band  '  (a  thin  bed  of  hard  pyritous  clay-stone)  is  present 
only  in  the  east  '  face,'  and  was  there  picked  out  by  hand.  Apart  from  this  thin 
band,  the  whole  thickness  of  the  ironstone  has  there  been  used.  The  com- 
position is  shown  in  lbs  tables  of  analyses  which  follow.3 


1  From  the  Midland  Iron  Co. 

-  This  is  obviously  due  in  part  to  blown  sand  derived  from  the  cover. 

3  From  tlv  Red  bourn  Hill  Coal  and  Iron  Co.,  Ltd. 
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92  FEODINGHAM    DISTRICT. 

Immediately  west  of  the  Crosby  Warren  lease  a  small  area  extending  to  Crosby 
village  has  been  completely  worked  out  and  abandoned.  South  of  this,  the 
Glebe  lease  (Midland  Iron  Co.)  constitutes  a  small  tract  on  the  margin  of  the 
ironstone-outcrop,  immediately  north  of  Scunthorpe  village.  Here  the  surface- 
beds  of  the  ore  were  worked  off  in  former  years  and  the  Midland  Iron  Co.  have 
recently  begun  to  work  the  lower  beds,  averaging  8  ft.  3  in.  in  thickness.  These, 
since  they  do  not  form  the  natural  surface  of  the  groiind,  are  here  little  weathered 
and  highly  calcareous. 

On  the  south  side  of  the  Crosby  Warren  lease,  in  the  area  leased  by  Walter 
Scott,  Ltd.  (Leeds  Steel  Works),  the  western  part — more  than  half — has  been 
worked  over  once,  and  the  lower  beds  are  now  being  got  out.  The  upper  beds 
also  are  being  worked  in  the  eastern  part. 

The  following  vertical  section,  which  may  be  regarded  as  typical  of  the  district, 
ei^es  the  s<  quence  and  approximate  thicknesses  of  the  constituent  beds  of  the 
ironstone  exposed  in  the  south  'face,'  about  30  yards  from  the  east  end  : — 

Thickness. 

Blown  sand         8  ft.  tc 

Light  grey  shaly  clay,  up  to 

Calcareous  ironstone,  about 

Rather  hard  brown  ironstone 

Shale  parting  (irregular) 

Grey  calcareous  ironstone,  with  Gryphaea  cymbium 

Hard,  rather  calcareous  light  brown  and  grey  ironstone  with 

Gryphaea  and  Belemnites 
Grey  and  brown  ironstone  with  Gryphaea  cymbium  and 

Pholadomya     ... 

Dirt  and  shale  parting 

Hard  brown  ironstone  with  Gryphaea  and  Pholadomya 

Shale  parting,  impersistent,  up  to 

Brown  ironstone 

Hard,  fine  dark  grey  and  brown  ironstone    ... 

Softer  grey  and  brown  ironstone 

Dark  greyish- brown  ironstone  with  calcareous  bands 

Softer  dark  grey  and  brown  ironstone  :    some  Cardinia     ... 

Rather  soft  dark  brown  ironstone  with  Gryphaea  cymbium 

Harder  calcareous  dark  grey  and  brown  ironstone  with  beds 

of  large  Cardinia       ...         ...         ...         ...         ...         ...  3     2 

Rather  massive  brown  ironstone,  rather  calcareous,  with 

Gryphaea  cymbium    ...         ...         ...         ...         ...         ...  2     8 

Dark  brown  stone  with  green  calcareous  bands       ...         ...  12 

Brown  and  green  calcareous  stone  with  large  Cardinia      ...  0     9 


vt. 

in. 

10 

0 

20 

0 

0 

10 

1 

2 

0 

1 

0 

5 

1 

2 

1 

2 

0 

3 

0 

8 

0 

1 

0 

5 

0 

5 

1 

2 

1 

4 

0 

5 

1 

1 

Thickness  of  ironstone-bed  in  section    ...         18     5 

The  section  gives  the  whole  thickness  of  ironstone  worked  in  this  "face,"  but 
a  farther  thickness  of  13  ft.  lies  below  the  floor.  Appearances  suggest,  however, 
that  only  the  upper  3  or  4  ft.  of  the  lower  stone  is  worth  working  in  this  part 
of  the  lease,  the  rest  being  too  calcareous  for  use  under  existing  conditions,  though 
the  corresponding  beds  are  being  worked  in  the  western  part  of  the  Company's 
holding. 

While  the  cover  amounts  to  30  ft.  at  the  eastern  limit  of  working,  in  the  greater 
part  of  the  area,  it  consists  merely  of  waste  material  from  the  earlier  working. 

The  following  is  an  analysis^  of  this  Company's  Frodingham  ore : — 
Raw  ore,  as  received.  Per  cent. 

Iron  2312 


Iron  (dried 
Silica 

at  100-  C.j 

2483 

680 

Alumina    ... 

4-70 

Lime 

21-91 

Manganese 
Sulphur     ... 
Phosphorus 
Moisture     ... 

-87 

-36 

-27 

6-90 

1  From  F.  H.  Hatch,  '  Average  Analyses  of  British  Iron-ores  and  Ironstones 
(Ministry  of  Munitions  of  War),  1918. 
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In  the  next  area  southward,  the  Crosby  Pit  (Lord  St.  Oswald),  about  one 
quarter  at  the  west  end  lias  been  worked  over,  him!  roughly  half  of  this  has  been 
worked  out  completely,  the  cover  there  being  merely  a  few  feet  of  blown  sand. 

The  following  measured  section,  at  the  south-west  end  of  the  present  working- 
face,  gives  the  divisions  recognized  in  working  the  ore  and  the  percentages  of  iron 
and  moisture  in  the  several  beds'  : — 


iron  in 

Iron  in 



Thickness. 

Moisture. 

moist 

stone  dried 

stone. 

at  100 

It.  in. 

per  cent. 

per  <  . 

per  cent. 

Top  pink 

1     7 

49 

31-95 

33-  60 

Flaky  pink 

1     5 

48 

31-31 

3300 

Rough  pink 

1   11 

43 

27-94 

29-20 

Snap 

1     6 

40 

2112 

22  00 

Pink        

1     7 

3-9 

2450 

25-50 

Blue        

1   11 

47 

28-59 

30". 

Shelly  blue  limy 

3     2 

4-4 

27-91 

29-20 

Limy  blue 

1  11 

30 

22-31 

2300 

Blue  limy 

1     9 

33 

24-46 

25-30 

Blue  limy 

2  10 

3-1 

22-57 

23*30 

Shelly  blue 

1   10 

32 

1906 

19-70 

1  Colly  '  rock 

2  11 

43 

21-95 

22-90 

Total       . 

24     4 

4-08 

25  33 

[Average.] 

26-43 

The  Trent  Iron  Co.  hold  a  lease  extending  mainly  along  the  north  side  of  the 
Great  Central  Railway,  but  including  ground  on  the  south  side  of  it,  north  and 
east  of  the  Frodingham  Iron  and  Steel  Co.'s  works. 

The  only  part  of  this  area  yet  worked  is  the  eastern  part  south  of  the  railway. 
The  thickness  of  ironstone  got  varies  from  about  17  ft.  to  22  ft.,  but  in  this  tract, 
enclosed  by  higher  ground  on  all  sides  and  already  excavated  considerably  below 
the  level  of  the  Bottesford  Brook.  5  or  6  ft.  of  good  stone  at  the  bottom  is  being 
left  in  for  the  present,  partly  owing  to  the  difficulty  of  dealing  with  water,  and 
one  of  the  lower  Cardinia-beds  forms  the  floor  of  the  pit.  Moreover,  in  the 
north-east  part  of  the  east  '  face  '  the  highest  beds  are  locally  poor  hi  iron  and 
are  rejected. 

The  cover,  nowhere  thick,  consists  of  two  beds  of  blown  sand  separated  by 
peat,  which  here  and  there  contains  tree-trunks. 

The  following  sections  and  partial  analyses  show  the  character  of  the  iron- 
stone' : — 

East  Face  (length  680  yds.). 
1.  40  vds  from  X.E.  end — 


Thickness. 


Raw  ore.  as  reoe 


Moisture. 


Iron. 


Insoluble. 


Lime. 


Rejected 
Flaky  fine 
Flaky  brown 
Green  pyrites 
Good  brown 
Good  blue 
Hani  blue 
Shelly  blue 
Limy  blue 
Black 


Thickness  \  ReJected 


Ft.  in. 
7     3 


percent,     percent,     percent.      |  er  cent. 


Stone 


1   From  Lord  St.  Oswald. 
Ycl.  r\\. 


2   11 

15-6 

241 

22  \\ 

44 

1     3 

15-4 

23- 1 

199 

71 

0     8 

14-4 

191 

68 

27  0 

1     6 

18*7 

31  2 

47 

9-4 

3     4 

11-4 

27  -6 

49 

L3-8 

2     4 

12  7 

25-3 

41 

L7-5 

1  11 

90 

25-3 

4  1 

L7-5 

2     3 

100 

20-9 

4-9 

23-0 

1     7 

11-7 

19  6 

7     3 







17     9 
25.  0 

130 

2  4  58 

1446 

[Ave 

rage. 

-  From  the  Trent  Iron  0o. 
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2.  200  yds.  from  X.E.  end— 


Raw  ore,  as  received. 

Thickness. 

Moisture. 

Iron. 

Insoluble. 

Lime. 

Ft.  in. 

per  cent. 

1 

'  per  cent. 

per  cent. 

per  cent. 

Rejected 

0     6 

— 

— 

— 

Fine 

5    0 

15-3 

24-7 

18-5 

51 

Flaky  brown 

2  11 

130 

25-7 

13-8 

10-1 

Good  brown  ... 

1  10 

157 

28-8 

5-8 

12-5 

Limv  brown 

1     1 

100 

237 

4o 

270 

Good  blue 

2     2 

10-6 

30- 1 

51 

13-2 

Good  blue  and  brown 

2  10 

105 

290 

5-7 

2-8 

Hard  blue 

1     4 

8-4 

20-3 

4-8 

24-4 

Shelly  blue    ... 

0  10 

4-7 

221 

6-1 

20-9 

Limy  blue 

3     4 

1-0 

17-2 

40 

32-7 

Black             

0     4 

93 

189 

5-6 

24-8 

Thickness  (  ^ected 
^  Stone   . . . 

0     6 

— 

— 

— 

— . 

21     8 

10-53 

24  62 

933 

15-65 

22     2 

[Average.] 

West  Face  (length  240  yds.). 


3.  200  yds.  from  X.  end- 




Thickness. 

Moisture. 

Iron. 

Insoluble. 

Lime. 

Ft.  in. 

Flaky  and  fine 

— 

3-8 

310 

8-4 

110 

Limy  brown 

— 

2-8 

21-8 

3-9 

26-6 

Limestone     

_ 

1-7 

17-7 

2-4 

312 

Limy  brown 

— 

3-5 

23-2 

50 

22  5 

Hard  blue      

— 

4-0 

20-2 

5  1 

230 

Pink  limestone 

— 

36 

17-6 

3-3 

27-9 

Black             

— 

168 

23- 1 

6-6 

17-9 

3-9 

24-2  i              5-86 

1993 

[Avera 

ge-] 

4.  North  end- 
Fine    

Flaky 

Limy  flaky    ... 

Brown 

Blue 

Blue  limestone 
Limy  brown 
Pink  limestone 
Limy  blue 
Limestone 

Total 


1 

8 

10-6 

266 

27-7 

1-9 

2 

1 

9-3 

30-9 

111 

8-1 

1 

0 

11-6 

231 

51 

20-1 

6 

0 

11-7 

34-3 

5-3 

8-5 

1       2 

9 

70 

24-5 

100 

260 

1 

6 

4-8 

19-8 

5-5 

27-5 

'       1 

2 

5-7 

200 

4-7 

26-4 

1       2 

1 

7-9 

19-3 

5-5 

230 

1 

3 

81 

24-5 

4-4 

18-7 

1       1 

1 

6-4 

16-6 

2-8 

29-8 

1     20 

7 

901 

26-56 

813 

12-90    . 

[Average.] 
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The  following  is  a  fuller  representative  analysis'  :— » 

Trent  Iron  Co. 

Raw  ore,  as  receive! —  Per  cent. 

Iron           2320 

Iron  (dried  at  100    C.)           27-29 

Silica      ...             5-60 

Alumina ...         ...         ...  2*10 

Lime          20-70 

Magnesia 1*20 

Manganese            ...         ...         ...         ...  1-16 

Sulphur      ...          ...          ...          ...          ...  "12 

Phosphorus           ...         ...         ...         ...  "36 

Moisture 15*00 

The  Trent  Company's  furnaces  are  situated  upon  their  lease  north  of  the  rail- 
way. The  Frodingham  Iron  and  Steel  Co.  hold  an  extensive  area  extending 
southward  from  the  Trent  Company's  lease.  The  north-western  part  of  this  is 
occupied  by  their  works  and  furnaces.  Most  of  this  area  has  been  worked  out, 
but  a  small  remnant,  south-east  of  the  works,  was  still  being  worked  in  1917. 

East  of  this,  the  North  Lincolnshire  Iron  Co.'s  furnaces  are  situated. 

Immediately  to  the  eastward  the  Red  bourn  Hill  Iron  and  Coal  Co.  hold  an  area 
on  which  their  works  stand,  and  in  which  they  have  worked  out  a  considerable 
amount  of  ironstone. 

Eastward  and  southward  from  the  Trent  Co.'s  and  the  Red  bourn  Hill  I 
leases.  Lord  St.  Oswald  works  a  large  area.  Except  along  the  east  side  of  this, 
most  of  the  ground  has  been  worked  over  once  and  the  upper  beds  of  ironstone 
removed.  But  along  the  east  side,  in  the  series  of  working-faces  extending 
from  the  Trent  Company's  ground  southward  for  almost  two  miles,  nearly  the 
whole  thickness  of  the  ironstone- bed  is  being  worked.  The  amount  of  lower 
beds  there  left  in  may  be  7  ft.  in  the  northern  part,  but  is  less  farther  south . 
These  workings  are  divided  into  sections  named,  in  order  from  north  to  south, 
'  No.  4  Face.'  '  No.  '.I  Face,'  and  '  Wing  Face.'  In  them  the  cover  varies  from  about 
5  ft.  to  probably  30  ft.  The  middle  of  '  No.  .'!  '  traverses  a  shallow  synclinal 
depression,  trending  eastward,  in  which  pale  blue  shaly  clay  (Lower  Lias)  over- 
lying the  ironstone  attains  a  thickness  of  10  ft.  or  more.  This  is  planed  off 
lioti/i  >ntslly  above,  so  that  there  is  a  much  greater  thickness  of  clay  in  the  syncline 
than  elsewhere,  and  dies  out  s  tuthward  along  the  present  line  of  working.  The 
rest  of  the  cover  consists,  where  thick,  of  blown  Band,  in  places  gravelly  at  the 
bottom,  with  one  or  two  thin  films  of  mud  or  clay  and  in  the  upper  part  a  peat- 
bed  (continuous  with  that  of  the  Trent  workings)  three  or  four  feet  thick. 

The  following  section  gives  lithological  details,  with  iron-workers'  terms  in 
brackets,  of  the  ironstone-bed  in  No.  .1  Face  at  a  point  1?  m.  E.  4)5  S.  from 
Frodingham  Station,  at  the  "  Old  Pump  "  : — 

Ft.  in. 
Weathered  and  disintegrated  fine-grained  brown  loamy  ironstone 

C  Fine')        * 0     9 

Hard  brown  thin-bedded  calcareous  ironstone  consisting  of  brown 
ferruginous  ooliths  not  \  ly  aggregated  in  a  calcare  mis 

matrix,  with  patches  of  crj  stalline  c  i  rbonate  of  lime  and  shells 
[Orypha  a  cymbium)  ('Flaky  Lime')      ...        ...        ...        ...        0  10 

Soft  weathered  and  decalcified  ironstone,  with  ooliths  not  very 

densely  aggregated  :   some  calcareous  shells  ('  Soft  Brown  ')...         1     8 
Similar  ironstone,  some  QryjJkaea  cymbium  in  upper  part  ('Soft 

Brown  ')       0  10 

Hani  brown  and  greenish-grey  calcareous  ironstone  with  brown 

weathered  ooliths  variably  distributed  in  a  matrix  partly  brown 

and    decalcified,     partly    greenish-grey    crystalline    calcite: 
abundant  small  Qryph  tea  cymbium  in  upper  part  ('  Sard-brown 

Limy')  ...         ...         .' 0     6 

1  From  F.  If.  Hatch,  '  Average  Analyses  of  British  Iron-ores  and  Ironstones 
produced  in  1917-18'  (Ministry  of  Munitions  of  War).  1918. 
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Hard  brown  and  greenish-grey  rather  densely  oolitic  calcareous     Ft.  in. 
ironstone,  with  shell-fragments  ('  Blue  and  Brown  ')...         ...         0     7 

Weathered  brownish-grey  ironstone  with  brown  ooliths  in  a  marly- 
looking  matrix,  partly  brown  and  partly  grey  :  some  Gryphaea 
cymbi um  ('  Soft  Dark  Grey')         ...         ...         ...         ...         ...         12" 

Partially  weathered  brown  and  green  calcareous  ironstone,  with 
brown  ooliths  rather  densely  aggregated  in  a  matrix  partly 
brown  and  oxidized,  partly  green  and  calcareous  :  some  shells 
('Soft  Blue  and  Brown ') 1     0 

Green  and  brown  speckled  ironstone,  with  brown  ooliths  variably 
aggregated  in  a  matrix  for  the  most  part  green  and  of  marly 
appearance  ('  Blue  and  Brown  Speckled  ')  ...         ...         ...         2    0 

Similar  ironstone  with   brown  ooliths  more  densely  aggregated  : 

some  Gryphaea  ('  Blue  and  Brown  Speckled  ')   ...         ...  ...         1     5 

Similar  ironstone  :  some  Cardinia  and  Gryphaea      ...         ...         ...         0  10 

Similar  ironstone,    but  more   calcareous  and    shelly :     abundant 

Cardinia,  some  Gryphaea  ('  Light  Blue  Speckled  Shelly  ')      ...         12 

Soft  brown  weathered  densely  oolitic  ironstone  ('  Soft  Brown  ')  ...         0     4 

Harder  green  and  brown  streaky  ironstone  with  brown  ooliths, 
rather  densely  aggregated  in  a  calcareous  matrix  with  shelly 
bands  (Cardinia  ?)  ('  Blue  and  Brown  Limy  ')  ...         ...         ...         0     8- 

Hard  dense  dark  grey  muddy-looking  limestone  perhaps  containing 

carbonate  of  iron,  1  in.  to  3  in.  :    average  ...  ...         ...         0     2 

Brown  and  greenish-grey  streaky,  shelly  and  calcareous  ironstone 
with  brown  ooliths  not  very  densely  aggregated  in  a  matrix 
partly  brown  and  decalcified,  partly  greenish -grey  and  calcareous 
(' Blue  and  Brown  Limy ')  ...         ...         ...         ...         ...         0     3 

Similar  ironstone,  but  less  shelly  (' Brown  and  Blue  Limy ')  ...         0     3 

Brown  and  greenish-grey  ironstone  with  polished  !  rown  ooliths 
variably  aggregated  in  a  light  greenish-grey  calcareous  matrix 
(' Blue  and  Brown  Limy ')  ...         ...  ...  ...  ...         0     6 

Similar  ironstone,  Avith  ooliths  in  brown  parts  more  densely  aggre- 
gated :    Gryphaea  ('  Blue  and  Brown  Limy  ')    ...         12 

Green  and  brown  speckled  ironstone,  with  brown  ooliths  rather 
densely  aggregated  in  a  dark  green  matrix  apparently  consisting 
largely  of  carbonate  of  iron  :  small  smooth  Pecten  and  other 
shells  ('  Blue  and  Brown  ')  ...         ...         ...         ...         ...         1     3 

Dark  green  and  brown  speckled  ironstone,  with  dark  brown 
polished  ooliths  variably  aggregated  in  a  dark  greenish-grey 
matrix  apparently  consisting  largely  of  carbonate  of  iron  : 
some  calcareous  shells,  including  Gryphaea  cymbium?  ('Blue 
and  Brown  Speckled  ') 

Dark  grey  muddy  limestone 

Brown  and  green  streaky  calcareous  oolitic  ironstone  with  Cardinia 
('  Brown  and  Blue  Streaky  ')        

Total      18  11 

The  bottom  of  the  ironstone  was  not  reached,  there  being  probably  at  least 
5  ft.  more  below  the  floor. 

The  individual  beds  of  the  ironstone  vary  greatly  in  detail.  The  '  Sulphur- 
band  '  usually  present  in  the  upper  part  of  the  ironstone  of  this  neighbourhood 
was  not  recognized  in  the  above  section  ;  for  comparison  with  which  another 
section  of  the  upper  beds  about  200  yrds.  farther  north,  in  the  trough  of  the 
gyncline,  is  appended,  in  which  the  abundance  of  Pholadomya  makes  a  farther 
noticeable  difference : — 

Ft.  in. 
Light  bluish-grey  and  pinkish-purple  clay,  shaly  in  \ipper  part,  and 
calcareous  below :  small  Gryphaea  cymbium  and  Pholadomya, 
both  abundant         1     0 


1 

1 

0 

1 

0 

5 
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Bluish-grey,  rather  soft  oolitic  ironstone,  somewhat  clayey  :  ooliths      Ft.  in. 
unevenly  distributed  in  clusters  :   Pholadomya  a  bundant,  many 
at  the  top  of  the  bed   being  in   the  position   of   life  :     some 
Grypli/iea  cymbium  ... 

Dark  brown  densely  oolitic  ironstone  with  some  green  streaks: 
Pholadomya  abundant,  especially  in  lower  part 

Hard  pink  and  green  oolitic  somewhat  calcareous  ironstone,  with 
bed  of  Gryphaea  cymbi urn  ... 

Dark  greenish-grey  highly  pyritous  clay-stone  :  small  cavities  have 
a  sco  riaceous  appearance:  some  small  Gryphaea  (the  'Sulphur- 
band ')  6  in.  to  1     0 

Light  brown  speckiy  densely  oolitic,  more  or  less  calcareous  iron- 
stone :  ooliths  brown,  often  with  soft  and  ocheous  cores,  in  a 
green  matrix  :  abundant  large  Gryphaea-shells  make  the  stone 
calcareous:    thickness  variable     ...         ...         ...         ...about 


0  10 


2     0 


1     0 


0     2 


Soft  bluish-green  muddy-looking  more  or  less  calcareous  ironstone, 
with  brown  ooliths  ... 


0  10 


Dark  blue  calcareous  shaly  clay,  with  unevenly  scattered  brown 

ooliths:  Pholadomya  and  a  small  smooth  Pecten  ...       3  in.  to  0 

Soft  green  and   brown,   brown-speckled  densely  oolitic  ironstone: 
ooliths  ochreous  inside,  about 


Harder  light-brown  streaky  oolitic  ironstone,  with  calcareous  bands  : 
some  Gryphaea 


0     8 


0   10 


The  following  sections  and  partial  analyses 
<xf  the  ironstone  at  intervals  along  the  line  of 
1.  No.  4  Face,  near  Santon  Cottages. 


8     8 

1  illustrate  the  sequence  and  quality 
the  above  three  working  faces  : 


Raw 

ore. 

Thickness 

.    Moisture. 

Iron  in 

Iron  in 

Ft.  In. 

per  cent. 

moist 
stone. 

dried 
stone. 

Pink 

...       1     2 

8-3 

2622 

2860 

Pink 

...       1     0 

8-2 

29- 10 

31-70 

Snap  ... 

...       2     3 

75 

22  66 

24-50 

Pink 

...       1     5 

108 

2390 

26-80 

Blue  and  Brown 

...  •     1  10 

11-6 

26  69 

30-20 

telly  Blue 

1     4 

99 

2748 

30-50 

Blue  and  shelly  Blue 

...       2    0 

110 

29-63 

33  30 

Blue 

...       3    0 

12  1 

30-91 

35  20 

Blue  Limy    ... 

...       2     6 

118 

30*69 

34-30 

Shelly  Blue  Limy    ... 

...       1     8 

7  1 

22  29 

2400 

Brae  and  Pink  Limy 

...       2     4 

9  4 

2110 

23  30 

Shelly  Blue 

1     6 

9-5 

24-88 

27-50 

Total 

...     21   11 

Av.  1002 

26  52 

2947 

2.  No.  :{  Pace,  52  chains  s 

"ft.  ii  ae-hole,  and  25  yds. 

bom  ( >ld  Pump. 

Brown  Flaky 

...      2     3 

10  4 

21   14 

23-60 

Shingly         

I     8 

in  7 

2705 

30-30 

Shellv  Brown  and  Blue 

1     3 

9-3 

17-59 

Pink'             

...      2    4 

7-2 

19 

2100 

Han!  Blue     

...      2     I 

6  :, 

21   13 

22  60 

Blue  Limy    ... 

...       1  10 

OO    ;;■> 

23  70 

Bine  Limy    ... 

I     6 

6*7 

24  :{.-> 

26  10 

Limy  Blue     ... 

...        1      9 

50 

21   B 

23-00 

Bine  Limy     ... 

...      :;    7 

til 

17 

.Ml 

Pink  Limy     ... 

1  11 

7  a 

24-91 

27-00 

Total 

...    20    2 

Av.  739 

22  U 

24- 19 

1  From  Lord  St.  OswaJ ! . 
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3.  Wiag  Face  at  South  end. 


Pink 

Pink  Limy    ... 
Brown  Limy 
Clayey  Blue 
Snap  ... 

Hard  Limy  Pink 
Blue  and  Brown 

Blue 

Snap  ... 

Snap 

Black 
Black  Limy 

Total 


Raw  Ore. 

Iron  in         Iron  in 

Thickness. 

Moisture. 

moist             dried 

Ft.  Ins. 

per  cent. 

stone.          stone. 

2    2 

7-5 

26-08           28-20 

1     7 

6-8 

21-43           2300 

1     8 

4-9 

20-73           21-80 

0     9 

5-7 

1301            13-80 

2     3 

60 

1316           14-00 

1     2 

4-8 

21-51           22-60 

1   11 

8-4 

27-75           30-30 

2     4 

5-6 

24-26           25-70 

1     2 

4-3 

18-66           19-50 

2     6 

4-1 

17-45           18-20 

1   11 

7-5 

26--.^.           28-60 

1     3 

5-2 

21-61           22-80 

20     8      Av.  5-99 


20-92 


22-55 


The  Yarborough  lease  (Frodingham  Iron  and  Steel  Co.)  extends  along  the  east 
side  of  the  above  ground.  Work  on  it  has  only  recently  begun.  Here  the  thick- 
ness of  cover  removed  is  greater  than  anywhere  else  in  the  district,  and  amounts 
to  60  ft.  or  a  little  more,  consisting  of  about  30  ft.  of  Liassjc  clay  underlying  sand, 
with  peat. 

The  following  details1  show  the  character  and  composition  of  the  ironstone  as 
worked  : — 

Yarborough  Pit,  20  yards  from  tunnel  at  north  end. 
Raw  ore.  As  received.  Dried  at  100"  C. 


Thick- 

Mois- 

Iron. 

Iron. 

[nsol- 

Lime. 

Sul- 

ness. 

ture. 

uble. 

phur. 

Ft.  Ins 

1     4 

11-1 

28-4 

319 

21-1 

6-2 

•068 

1     3 

11-5 

26-4 

29-8 

18-7 

111 

•0-58 

1     3 

11-8 

23-3 

26-4 

25-8 

10-8 

•112 

1     1 

11-6 

14-9 

16-9 

161 

24-7 

1-770 

1     3 

110 

18-2 

20-5 

26-9 

12-7 

•504 

1     6 

12-7 

23-5 

26-9 

100 

19-6 

•232 

1     3 

11-6 

230 

26- 1 

5-3 

24-0 

■214 

1     3 

9-7 

20-2 

22-3 

4-9 

28-8 

•082 

1     4 

14- 1 

34- 1 

:  9-8 

6-7 

9-5 

•274 

1     3 

16-7 

300 

360 

61 

120 

150 

1     4 

10-6 

25-5 

28-6 

3-7 

22-9 

•160 

1     0 

17- 1 

35-4 

42-7 

6-8 

70 

•620 

1     3 

8-4 

19-4 

21-2 

3-9 

29-6 

•608 

1     6 

10-5 

16-4 

18-3 

3-9 

32-6 

142 

.  1     0 

9-7 

21-6 

240 

4-4 

26-8 

•164 

.  0     6 

14-3 

27-4 

320 

11-3 

12-7 

054 

.  1     0 

131 

18-3 

21-1 

8-1 

26-3 

•170 

1     1 

9-2 

15-3 

16-9 

41 

32-8 

•054 

1     0 

12-4 

23-2 

26-5 

7-4 

210 

•050 

0     7 

121 

20-3 

23- 1 

94 

220 

•060 

.  1     3 

9-2 

16-9 

18-6 

3-3 

311 

•524 

.  24  3. 

lv.ll- 

22-87  26- 11 

9-5 

20-2 

•288 

Blue  and  Brown  ... 
Pink  and  Brown  ... 
Blue  and  Brown  ... 
Blue  and  Brown  Limy    . 
Blue  and  Green  Limy 
Blue  and  Brown  Limy    . 
Brown  Limy 

Brown  and  Green  Limy 


Brown       

Brown  and  Blue  Limy 
Green  and  Brown  Limy 
Green  Limy 

Soft  Blue 

Green  and  Limy 
Brown  and  Green  Limy 
Brown  and  Blue  Limy 

Pink  and  Green  Limy     , 

Total 

On  the  west  side  of  the  outcrop,  the  ground  north  and  south  of  Frodingham  and 
Scunthorpe  Station  has  long  been  worked  out.  South  of  this,  by  far  the  greater 
part  of  the  Beauchamp  lease  (Midland  Iron  Co.)  has  also  been  worked  out,  and  in 
all  this  area  it  is  believed  that  nowhere  more  than  3  ft.  of  the  basal  stone  was  left 
in  the  ground.  Only  the  marginal  south-western  part  remains  unworked,  and  the 
stone  there  is  now  being  got.  The  length  of  the  working-face  is  nearly  three- 
quarters  of  a  mile.     Only  the  lower  beds  of  the  ironstone  are  present ;  and  hi  one 

1  From  the  Frodingham  Iron  and  Steel  Co.,  Ltd. 
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part  a  slight  anticlinal  roll  brings  the  base  of  the  stone  to  the  surface  for  a  short 
distance.  The  thickness  of  ironstone  varies  from  a  workable  minimum  of  2  ft. 
to  a  maximum  of  15ft.  3  his.,  with  an  average  of  10ft.  3  ins.  The  cover  is  nowhore 
more  than  a  few  feet  of  sand. 

Tiiia  working  affords  a  good  illustration  of  the  weathering  and  decalcification  of 
the  more  calcareous  lower  beds  at  the  surface.  Several  of  these  at  the  top  of 
the  section  are  seen  to  oscillate  between  the  conditions  of  a  hard  green  or  blue 
ferriferous  limestone,  and  a  thoroughly  decalcified  soft  brown  ironstone.  The 
following  is  an  average  analysis1  of  the  ore : — 

Raw  ore,  as  received.  per  cent. 

Iron 2461 

Iron(driel  at  100°  C.) SO'40 

Silica             •      12-95 

Alumina        ...         ...         ...         ...         ...         ...  4*37 

Lime 1004 

Magnesia       ...          ...          ...          ...          ...          ...  li'.'J 

Manganese    ...         ...         ...         ...         ...         ...  '815 

Sulphur  

Phosphorus  ...         ...         ...         ...         "240 

Moisture        19*02 

Loss  on  calcination              ...          ...          ...          ...  1 741 

Ammonites  of  the  Semicostatus  zone  are  abundant,  except  in  the  lowest  four 
or  five  feet,  in  which  large  specimens  of  Coronin  ras  gmut  ndense  are  found. 

In  the  next  area  southward,  the  Chatterton  pit  (Lord  St.  Oswald),  about 
half  the  productive  ground  lias  already  bee  i  worked  out.  The  following  sections 
and  partial  analyses"  show  the  character  of  the  beds  : — 


i 'hath  rton  Pit. 
1.  Section  at  North-west  end  of  working-face. 


Raw  Ore. 
Iron  in         Iron  in 


Character  of  Ironstone. 

Flaky  Fine 

Flaky  Lime 

Brown  and  Yellow  ... 

Siliceous  Brown 

Lime  ... 

Pink  Limy    ... 

Pink 

[Total 

Section  at  South-east  end 
Flaky  Fine 
Flaky  Lime 
Siliceous  Brown 
Siliceous  Brown 
Brown  Limy  and  Sofl 


Thickness. 
Ft.  Ins. 


i  I 
4 

1  i 
2 
5 

10 
0 


Moisture. 

per  cent. 

108 

61 

11-2 

107 

41 

49 

53 


moist 
stone. 
2631 
IS  31 
27-  52 
27-95 
14-67 
19-12 
23-39 


dried 

stone. 
29-50 
19-50 
31  00 
31-30 
15-20 
2000 
24-70 


.    10     7    Av.    7-96 

22  43 

24-37] 

working-face. 

1      5             141 

27  74 

32-30 

.       l'                   10-2 

20-50 

1     7             12-4 

25  22 

28-80 

1    1!              1 1-8 

2504 

28-40 

i      0     8 

23-40 

50 

[Total  7   10      Av.  11-57 

These  beds  represent  only  the  middle  and  lower  parts  of  the  ironstone,  which  is 
thinning  southward.      Hut  as  the  amount  of  ore  below   the  'siliceous'  bed 
the  more  northerly  section,  w  hich  are  regarded  as  containing  mere  silice  >U8  D 

than  the  generality  of  the  constituent  beds  of  the  Prodingham  Ironstone  is 
siderably  greater  than  the  amount  belov  the  corresponding  beds  in  tie 

section,  it  seems  likely  that  the  lowest  beds  have  i  peared  southward  or 

ha\  e  passed  into  shales. 

( ti  the  Ashbj  Ville lease   Frodingham  Eron  and  steel  Co  tat  the  extreme  south 
end  of  the  work  il  pari  was  worked  out.  before  this 

abandoned.    Probably  the  complete  local  thickness  of  the  Iroi 

is  present  in  the  south-eastern  part  of  the  ground  worked  ;    hut  the  whole  ironstone 
has  diminished  in  thickness  and  several  beds  of  clay  have  made  their  appearance 

within  it.     The  thickness  of  >  re  found  ranges  from  4  ft.  5  in  9  ins.  in  the 


1  Prom  Mr.  .1    Fletcher. 


From  1  Iswald. 
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south-eastern  part  of  the  ground,  where  the  complete  thickness  of  the  bed,  so  far  as 
it  can  be  defined,  -with  included  clay,  amounts  to  9  ft.  6  in.  The  amount  of  cover 
varies  from  about  2  ft.  of  soil  to  12  ft.  6  in.  of  sand,  with  peat. 

The  following  sections  and  partial  analyses1  illustrate  the  character  of  the 
ironstone  : — 

West  end  o:  working,  near  Grange  Tarm — 


Ore  as 

Dried  at  100 

°  C. 

received . 

Thickness. 

Iron. 

Iron. 

In- 

Lime. 

Ft.  Ins. 

soluble. 

Sand 

4    0 



— 

— 

— 

Sandy  Fine  [Ironstone]  ... 

0     4 

11-8 

15-2 

63-5 

20 

Fine  Pine 

0     5 

18-3 

244 

434 

2-2 

Fine  Clayey 

0     4 

151 

20o 

46  6 

1-2 

Pink  Fine  and 

Shingly   ... 

0     6 

20-6 

262 

21-6 

13-4 

Brown  Fine  and  Sh 

ingly 

0  10 

14-6 

16-8 

22- 1 

23-2 

Pink  Shingly 

0     9 

20-6 

250 

18-2 

170 

Brown  Fin 

e  and  Sh 

hiely 

0  11 

158 

200 

14-6 

20-4 

Pink  Shin ^ 

;iy      ... 

,al  Ironstone  ... 

0     6 

20-8 

239 

15-6 

19-4 

[To1 

4     7  Av.  1732] 

Middle  of  working,  340 

yards 

from  West  end- 

Ore  as 

Dried 

C. 

received. 

Thickness. 

Iron. 

Iron. 

In- 

Lime. 

Ft.  Ins. 

soluble. 

Soil 

2     6 



— 

. — 

— . 

Brown  Fine 

0  11 

161 

20-6 

310 

6-6 

Clay 

1     1 

138 

17-7 

43-9 

12-4 

Pink  Fine  and 

Shingly   ... 

0  11 

22-6 

27-5 

23-2 

9-2 

Clay 

0     6 

18-5 

234 

360 

70 

Pink  Shingly 

0     9 

193 

21-9 

131 

22-2 

Brown  Fine  and  Shingly 

0     7 

17-4 

20-2 

26  9 

15-6 

Pink  Shingly 

0  10 

187 

22-6 

252 

16-4 

Brown  and 

Limy 

0     9 

206 

244 

7-9 

23-8 

Brown  Shingl\ 

nil  to 

0     9 

23-4 

283 

134 

15-8 

Pink  Roug 

l  and  Sh 

ingly 

nil  to 
al  Ironstone  ... 

1     0 

20-8 

23-9 

17-6 

194 

[Tot 

6     6   Av.  1901] 

Near  east  end, 

150  yards  fron 

Bridge  — 

Ore  as  received. 

Dried  at  1( 

Moisture.    Iron. 

Iron . 

In- 

Lime. 

Sulphur. 

Ft. 

Ins. 

% 

% 

% 

soluble. 

Baring   ... 

12 

6 

— 

— 

— 

Brown  Fine  and 

Shingly  Limy 

0 

6 

100 

17-4 

19-3 

9-8 

28-9 

•046 

Clay       

1 

10 

— 

— 

— 

— 

— 

— 

Brown  and  Blue 

0 

9 

85 

16-8 

18-4 

150 

25-9 

•052 

Brown  Fine  and 

Shingly 

1 

0 

13-2 

196 

22-6 

24- 1 

14-6 

•134 

Brown  and  Blue 

Limy 

1 

0 

66 

24- 1 

25-8 

8-3 

17-6 

1-220 

Brown  Shingle 

0 

8 

11-4 

28-6 

32-3 

66 

13-4 

134 

Brown     Shingle, 

Limy 

1 

1 

5-7 

20-5 

21-7 

3-6 

280 

110 

Blue  and  Brown, 

Limy 

1 

2 

49 

26-4 

27-8 

14-2 

151 

•140 

Limy  Rock 

0 

6 

5-4 

15-6 

16-5 

10-2 

30-9 

•252 

Soft     Blue     and 

Brown 

0 

7 

97 

194 

21-5 

257 

111 

•434 

Blue  Rock,  Limy 

0 

5 

67 

121 

130 

9-3 

32-8 

131 

[Total  Ironstone 

7 

8 

Average     21-23] 

1  From  the  Frodingham  Iron  and  Steel  Co.,  Ltd. 
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The  rapid  change  that  takes  place  southward,  shows  south  of  Ash  by  Ville 
both  a  diminution  of  total  thickness  of  ironstone- beds  and  a  general  deterioration 
of  quality,  though  at  first  a  few  beds,  aggregating  5  or  6  feet  of  ironstone,  show 
little  or  no  diminution  of  iron-content.  The  following  three  sections,1  at  intervals 
of  about  half  a  mile,  illustrate  the  change.  All  apparently  include  the  top  of  the 
iron  stone- bed,  and  at  least  one  of  them  the  complete  thickness  of  it : — 

No.  1  Borehole,  1-15  m.  E.  7°  S.  from  Bottesford  Church. 

Ft.  Ins. 

Baring 

Brown  [Ironstone] 
Brown  and  Blue  Limy 
Bluish  Brown  ... 
Blue,  Rough  and  Shingly 

Shelly 

Brown    ... 
Limy 

Black 

Pinkish 

Limy 

Brown    ... 

Limy      


Blue  Clay  

Limy  [Ironstone] 

Blue  Clay  

Clay  and  Limy  [Ironstone] 

Clay        

Clay  and  Limy  [Ironstone] 

Clay        

Limy  [Ironstone] 


...      20 

0 

0 

4 

1 

0 

1 

0 

1 

•; 

0 

6 

0 

4 

0 

11 

1 

6 

2 

0 

1 

10 

0 

L0 

1 

6 

1 

6 

0 

5 

2 

4 

2 

3 

2 

0 

1 

9 

2 

6 

1 

4 

[Ironstone,  13  ft.  3  ins.] 


Clay       

No.  2  Borehole,  13  m. 


2     8 


[Total  Ironstone  -  bed 
27  ft.  4  ins.] 


E.  27°  S.  from  Bottesford  Church. 
Ft.  Ins. 


Baring 


.Sand,  15  ft.  0 ins.      > 
(lay  12ft.  oins.  j 

Brownish  Clayey  [Ironstone] 
Brown    ... 
Brown    ... 
Brown    ... 


Clay       

Limy  Clay 

Limy  [Ironstone]  and  Clay 

No.  3  Borehole,  12  m.,  S.  43° 


[Ironstone,  5  ft.  1  in.] 


[Ironstone-bed.  16ft.  Sins.] 

E.  from  Bottesford  Church. 
Thickni  - 
Ft.  Ins. 


Sand,  20  ft.  Oin .    ) 
1  l.iy.  7ft    3ins.      S 

Riring     ... 

..       27 

3 

Limy  [mere  limestone] 
Blue  [ironstone] 
Brown    ... 

1 
0 
1 

3 

g 

0 

Dark  Brown 

0 

9 

(  lav  j ferriferous] 
Limy  [ironstone] 
i  layry  Brown  ... 
Shelly  Brown    ... 
Bluish 

■• 

Q 

1 
1 
1 
1 

g 

7 
6 

[Ironstone,  9  ft. 7  ins. 
Total    Ironstone-bed, 

12  ft.  3  ins.] 

From  the  Frodingham  Iron  and  Steel  0o.,  Ltd, 
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Total 

Iron  stone- bed. 

No. 

1 

...     27  ft.  4  ins. 

No. 

2 

...     16ft.  8  ins. 

Xo. 

3 

...     12  ft.  3  ins. 

The  average  iron-content  of  the  beds  regarded  as  ironstone  in  these  three 
sections  is  as  follows1  : — 

Iron 
Ironstone.        (as  received).      Iron  (dried). 
13ft.  3ins.       15-  87  per  cent.  17-12  per  cent. 
5ft.  lin.        2054  per  cent.  22-36  per  cent. 
9ft.  Tins.        16-46  per  cent.   1809  per  cent. 

The  foregoing  sections  suggest  that  it  is  chiefly  the  lower  beds  that  change 
first  in  passing  southward,  with  diminution  of  iron-content  and  development 
of  clay  ;  and  that  hi  the  Ashby  Ville  workings,  except  at  their  east  end,  only  the 
lower  beds  are  present,  there  less  changed  than  further  south. 

On  the  Appleby  Iron  Compan3^s  lease  two  shafts2  were  sunk  many  years  ago 
about  a  mile  south  of  Appleby  village.  Only  the  more  northerly  of  these,  half  a 
mile  north-west  of  Appleby  Station,  reached  the  top  of  the  Frodingham  Ironstone, 
at  a  depth  293  ft. 

A  boring3  made  many  years  ago  at  Spring  Wood  Lodge,  2 1  miles  south  of  Apple- 
by, proved  the  Frodingham  Ironstone  to  be  24  ft.  3  ins.  thick  at  a  deipth  of 
258  ft.  6  ins.  Another4  1  mile  and  2  or  3  chains  due  west  of  the  Spring  Wood  Lodge 
borehole  found  30  ft.  of  ironstone  at  a  depth  of  81  feet. 

Six  borings  have  been  carried  out  by  the  Appleby  Co.  for  the  purpose  of  testing 
the  ironstone  under  thick  cover.  Four  of  these  are  situated  near  and  west  of  the 
Roman  road  Ermine  Street  and  range  from  about  half  a  mile  north  of  Appleby 
village  to  nearly  two  miles  south  of  it  (see  map,  PI.  III.),  a  fifth,  half  a  mile  east  of 
the  southern  shaft,  and  a  sixth  nearly  a  mile  west  of  Appleby  Station.  A 
re-examination  of  the  cores  of  Xo.  1  Borehole,  the  most  southerly,  was  made  by 
permission  of  the  Appleby  Iron  Co.  and  the  Frodingham  Iron  and  Steel  Co. 
The  following  section  is  based  on  this  examination  and,  in  the  case  rf  soft 
strat?,  for  which  ccmplete  cores  have  not  been  preserved,  upon  the  borer's 
record  : — 


Xo.  1  Appleby  Borehole. 

Recent — 

Sand  

Lincolnshire  Lim  estone — 
Limestone,  red  (oolitic)  ... 
Limestone  hard  compact 
Limestone,  clayey 

Clay  -         • 

Limestone,  hard  compact 
Clayey  limestone 

Lower  Estuarine  Series — 
Clay  

Northampton  Sand — 
Sandstone 

I'i'l  i  r  I/ias — 
Clay,  dark,  in  part  shaly,  with  two  7-inch  bands 
of  limestone  in  lower  part 
Middle  Lias  (Marlslone)— 

Sandstone,  pale  greenish -grey,  more  or  less  cal- 
careous, with  large  Belemnites,  Rhynchonella 
tet rahedra,  Terebralula and  Pteria     ... 

Middle  and  Lower  Lias  (clays) — 

Clay,  dark  and  pale  grey.  A  few  nodules  in  the 
lower  part 


Thickness. 
Ft.  Ins. 

16    0 


Depth. 
Ft.  Ins. 

16    0 


19 

5 

35 

5 

7 

2 

42 

7 

8 

11 

51 

6 

4 

10 

56 

4 

11 

2 

67 

6 

5 

4 

72 

10 

17     6 


1     6 


59     6 


7     9 


90     4 


91  10 


151     4 


159     1 


75    0         234     1 


1  From  the  Frodingham  Iron  and  Steel  Co.,  Ltd. 

2  For  detailed  sections  of  these  shafts  see  '  Geology  of  Xorth  Lincolnshire  * 
(Mem.  Geol.  Surv.),  1890,  pp.  214-6. 

3  For  detailed  section  of  the  borehole  see  '  Geology  of  Xorth  Lincolnshire  * 
(Mem.  Geol.  Surv.),  1890,  p.  212. 

4  Op.  tiit.,  p.  213. 


31 

2 

268     1 

0 

3 

268    4 

66 

8 

336    0 

APPLEBY   BORING.  10?» 

Thickness.     Dopth. 
Pecten  Bed —  Ft.  Ins.      Ft.  in«. 

Limestone,  pale  brownish-yellow,  oolitic  and 
ferriferous,  in  part  rather  sandy.  The  ooliths 
have  a  yellowish- brown  crust,  but  are  white 
inside.  Large  ribbed  Pecten,  large  smooth 
Pecten 2  10         236  11 

Lower  Lias  {clays  continued) — 
Clay,  dark  and  shaly 
Stone,  brittle,  grey 
Clay,  dark  and  shaly 
Shale,  dark-grey,  with  some  pyrites.     In  the 

lower  part  numerous  upper  valves  of  a  small 

Oryphaea  with  occasional  rolled  fragments  of 

the  thicker  lower  valve  ;  also  a  small  Belern- 

nites       1     I         336     I 

Frodingham  Ironstone — 

Clay,   dark  and   calcareous,   with   patches  of 

brown  ferruginous  ooliths      ...         ...         ...         0     1         336     2 

Dark  grey  calcareous  and  micaceous  clay  with 

irregularly  alternating  layers  crowded   with 

ferruginous  ooliths.  so  that  the  whole  has  a 

streaky  appearance  :    occasional  Belemnites, 

small  Pecten  and  a  few  small  Qryphrtea       ...         1     0         3:!T     2 
Light  grey  shelly,  unevenly  oolitic,  ferriferous 

limestone  passing  down  into  ...         ...        0     1         337     3 

Brown,  densely  oolitic  calcareous   ironstone  : 

layers  of  small  shells  including  a  small  smooth 

Pecten 0     6        337     9 

Greenish-grey  hard   compact  limestone,   very 

slightly  oolitic;  many  small  Oryphaea,  &c.         0     2         337  11 
Greenish-grey  softer  more  or  less  densely  oolitic 

poorly    ferriferous    limestone,      the    ooliths 

usually  hollow  and   crashed  :     a  few  frag- 
mentary shells  ...         ...         ...         ...         3     6         341     5 

Dark  greenish-grey  and  brown  bands  alter- 
nating, both  full  of  polished  brown  ooliths  in 

a  clayey  matrix  ...  10         342     5 

Dark  brown,  harder  more  or  less  densely  oolitic 

ironstone,   with   polished   ooliths  of  lighter 

brown  colour  hi  a  marly  matrix  :    few  small 

Oryphaea  .'         1  11         344     4 

Dark  green  speckled  pyritous  and  alumni 

limestone,  sparsely  oolitic  ("sulphur-bed")        0  10        346    2 
Brown  and  dark  greenish-grey  ironstone,  with 

alternation  of  bands  full  of  brown  polished 

ooliths  and  dark  hands  sparsely  oolitic  and 

more  calcareous  ...         ...         ...         ...         1     7        346     9 

Brown  and  greenish-grey  streaky  more  and 

densely   oolitic   ferriferous   bmest  »ne,    with 
i    oalcitic    ( '  irdinia-aheW 

coated 0     2        346  11 

Similar  stone  without  Cardinia  ...        ...        1     2        348     I 

Brown  densely  oolitic  ironstone,  with  . 

brown  ooliths  in  a  dark  green  matrix  of 

ferrous  oarbonatSe :  oooasti  ma]  small  pyritous 

nodules:   bottom  band  rather  oaloareoua  ...        1     6        349    1 
Similar  stone,  without  oaloareous  bands         ...        0  10        369 
Frequent  alternations  of  brown  densely  oolitic. 

somewhat  calcareous  ironstone  and  pale  grey 

poorly  ferriferous  limestone  with  a  few  brown 

ooliti'.s 4      i  3 

Soft    brown   densely   oolitic   ironstone   with    a 

dark  green  matrix  of  ferrous  oarbonate     ...        0     6        355     1 
Similar  stone  with  oaloareoua  shelly  bands  and 

thin  clay  partings       ...        0    8        355    U 
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Thickness.     Depth. 
Ft.  Ins.      Ft.  Ins. 
Soft  brown  densely  oolitic  ironstone  with  a  dark 

green  matrix  of  ferrous  carbonate    ...         ...         0  11         356     8 

Brown   reddish   and   greenish,   rather  densely 

oolitic  ferriferous  limestone  with  green  and 

red  matrix  :   many  calcareous  shells,  includ- 
ing small  ribbed  and  smooth  species  of  Pecten 

and  at  the  bottom  a  band  of  green-coated 

Cardinia  ...         ...         ...         ...         ...         1   10         358     6 

Brownish  and  greenish-grey  oolitic  ferriferous 

limestone  with  less  densely  aggregated  brown 

ooliths  in  a  pale  greenish  calcareous  matrix: 

an  irregular  band  of  dark  green  shale  near  top        0     9         359     3 
Reddish  oolitic  ferriferous  limestone  :    ooliths 

not  very  densely  aggregated,  but  many  of 

them  larger  than  usual  and  of  irregular  shape : 

numerous  Carina-shells  filled  with  crystal- 
line calcite :   some  calcite  veins        ...         ...         1     0         360     3 

Brown  densely  oolitic  ironstone,  with  polished 

brown  ooliths  in  a  green  matrix  of  ferrous 

carbonate,  becoming  calcareous  in  lower  part 

with  limestone- bands  and  a  few  large  calcific 

shells      12         361     5 

Yellowish-brown  densely  oolitic  ironstone,  with 

decomposed    yellowish-brown    ooliths   in   a 

green  carbonate  matrix,  partly  oxidized     ...         15         362  10 
Yellowish-brown     densely     oolitic     ironstone, 

harder  and  much  more  calcareous    ...         ...         0     4         363     2 

Brown  densely  oolitic  ironstone,  with  yellowish- 
brown  ooliths  in  a  matrix  largely  oxidized  to 

brown  limonite  ...         0  10         364    0 

Hard  red,  green  and  brown  blotchy  less  densely 

oolitic  ferriferous  limestone,  with  shells  filled 

with   calcite  and   some  calcite  veins  :    also 

green  muddy  patches  and  partings  ;   a  small 

ribbed  Pecten  in  lowest  part  ...         ...         ...         1     6         365     6 

Lower  Lias  (clays  continued) — 

Hard  dark  green  calcareous  shaly  marl,  very 

f'nely   sandy,  with   some   mica    and   a   few 

brown  ooliths  darker  end  moee  shaly  n  i's 

lower  part :   a  small  ribbed  Pecten  and  small 

Gryphaea  of  G.  cymbium  type  ...         ...         1     9         367     3 

Dark  more  and   less   calcareous   shale,   with 

Gryphaea  cf.  arcuata .in  upper  part ...  ...         1      6         368     9 

Dark  grey  muddy  more  or  less  ferriferous  lime- 
stone with  numerous  brown  ooliths  ...         13         370     0 
Similar  limestone,  more  muddy  and  somewhat 

shaly      0     3         370     3 

Light  and  dark  grey  shale,  more  and  less  cal- 
careous :  some  imperfect  specimens  of  a  small 

Gryphaea  suggest  G.  cymbium  type:  a  small 

ribbed  Pecten _      3     3         373     6 

Similar  dark  shale  with  small  species  of  Pecten, 

smooth  and  ribbed      ...         ...         ...         ...         08         374     2 

Hard  compact  crystalline  pale  brownish-grey 

limestone,  slightly  oolitic       0     4         374     6 

Rather  hard  grey  calcareous  shaly  marl,  with 

small  ribbed  Pecten     ...         ...         ...         ...         0     2         374     8 

Hard  grey  and  brownish  calcareous  marl  with 

small  Pecten  and  large  Gryphaea  [G.  arcuata?) 

[lowest  core] 0  11         375     7 

Dark  clay  3  11         379     6 

Hard  limy  stone  0     5         379  11 

Shelly  clay  17         381     6 

[bottom  of  borehole.] 
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The  depth,  thickness  and  average  iron-content  of  the  Frodinghara  Ironstone 
as  proved  in  the  Appleby  borings.1  the  first  four  in  order  from  north  to  south,  are 
as  follows : — 

Depth  Thick-  Average  Iron  in  Raw  Ore. 

to  top  of    Com-         ness 


No.  of           Froding-     plete          of             Whole  bed.  Usable  Ore. 
Borehole.           ham     thickness  usable 

Iron-      of  Iron-      Ore.        Moist.      Dried.  Moist.      Dried. 
stone,   stone-  bed 

Ft.  Ins.    Ft.  Ins.    Ft.  Ins.  per  cent. per  cent. per  cent.per  cent. 

2  239  11       32    4          —        18- "'-     2073s  —            — 
4            240     2      28     9      17     4      2068       2304  233         261 

3  288     8      28    0       21     5       21- 78       2477  2309       2699 
1             336     1       29     5          —         19- Sit       2206  —            — 
o            266    4       26     8       14     6      20  09       2227  232         260 
6            264     4       29     7          —         193         21  —            — 

These  borings  constitute  the  only  evidence  available  for  estimating  the  quality 
of  the  ironstone  at  a  distance  from  its  outcrop. 


1  From  the  Appleby  Iron  Co.,  Ltd. 

2  In  No.  2  Borehole,  parts  of  the  cores,  amounting  to  9  ft.  8  ins.,  and  representing 
the  softer  and  perhaps  better  portions  of  the  ore,  were  lost  in  boring. 
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CHAPTER    V. 

MARLSTONE  (MIDDLE  LIAS)  ORES  OF  LINCOLNSHIRE, 
LEICESTERSHIRE,   NORTHAMPTONSHIRE,    OXFORD- 
SHIRE, md  WARWICKSHIRE. 

By  C.  B.  Wedd  and  J.  Pringle. 

Lincolnshire  and  Leicestershire  :  — Stratigraphical 
Description. 

Tlie  Marlstone  ore  occupies  a  well-defined  stratigraphical  posi- 
tion at  tlie  top  of  the  Middle  Lias,  where  it  forms  the  upper 
member  of  the  Marlstone  Rock-bed.  This  rock-bed,  where  well 
developed,  consists  of  a  fairly  massive  more  or  less  calcareous 
sandstone  in  its  lower  part,  passing  upward  into  a  ferriferous 
oolitic  limestone,  which  weathers  to  a  rich  brown  ferruginous 
deposit.  Both  the  lower  sandstone  of  the  Rock-bed  and  the  over- 
lying ferriferous  oolite  or  ironstone  vary  greatly  iu  thickness 
and  in  parts  of  the  Middle  Lias  outcrop  almost  or  completely 
disappear.  In  Lincolnshire  and  Leicestershire  the  ironstone 
occurs  as  a  workable  ore  only  where  the  whole  rock-bed,  which 
attains  a  maximum  thickness  of  about  40  feet1  in  Leicestershire, 
is  fairly  well  developed. 

When  the  ironstone  is  present,  the  normal  sequence  is  :  — 

Upper  Lias    ...  ...  Dark  blue  clays,  usually 

pale  near  the  base     ...     90  ft.  to  190  ft. 
( Marlstone  C  Ferriferous   oolitic   lime- 

(Spinatus         s       stone  or  ironstone      ...     up  to  16ft. 
^.ij,       |       zone).  (.Calcareous  sandstone    ...     up  to  about  25  ft. 

j  .  -\  Middle  Lias         (  Pale    clays,    sandy    and 

j       Clays  '       calcareous,    with     cal- 

(Margaritatus  1      careous  nodules         ...  

|^     zone)  (^ 

The  full  thickness  of  the  Marlstone  ore  in  its  working-area 
ranges  from  about  7  feet  to  probably  about  12  feet  in  Lincoln- 
shire, and  from  about  9  feet  to  about  16  feet,  with  an  average 
of  perhaps  12  feet,  in  Leicestershire.  But  owing  to  the  conditions 
of  surface  weathering,  under  which  alone  this  ironstone  becomes 
a  valuable  ore  in  the  East  Midlands,  the  complete  thickness  is 
frequently  not  present  in  the  workings. 

The  lower  limit  of  workable  ore  is  fixed  as  a  rule  rather 
definitely  by  a  sudden  downward  change  to  the  calcareous  or 
decalcified  sandstone  of  the  rock-bed,  this  sandstone  being  used 
locally  as  a  building-material. 

In  North  Lincolnshire  the  Marlstone  Rock-bed,  described  as  a 
hard  light-grey  limestone,  weathering  brown,  and  containing 
abundant  Rliynchonella  tetrahedra,2  is  recognizable  in  the  same 

1  '  Geology  of  Mel  on  Mow  I  ray  '  [Mem   Oeol.  Rurv.),  1909,  p.  40. 

2  Rev.  J.  E.  Cross,  '  The  Geology  of  North -West  Lincolnshire,'  Quart.  Journ. 
Oeol.  Soc.  (1875),  p.  120. 
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position  as  tine  Cleveland  and  Leicestershire  ores.  As  repre- 
sented in  the  cores  from  a  bore-hole  A  mile  south  oi  Appleby 
Station,  it  is  a  pale  grey  calcareous  sandstone,  about  7  feet  thick, 
without  any  trace  of  ironstone;  but  farther  south,  from  Cleatham 
to  Kirton  Lindsey,  where  its  outcrop  makes  a  distinct  feature,  it 
is  composed  of  rubbly  ferruginous  limestone,  8-10  feet  thick.1 
It  '  has  been  quarried  in  places  between  Kirton  and  Alanton.  The 
rock  is  here  and  there  nodular,  but  nowhere  rich  enough  in  iron 
to  be  of  value  for  smelting/2  It  appears,  however,  to  have  been 
the  Marlstone  Hock-bed,  rather  than  the  Pecten  Bed,  for  which 
an  output  has  heen  recorded  of  about  3,400  tons  of  iron-ore  from 
Kirton  Lindsey  between  I860  and  1862. 3  Southward,  the  whole 
bed  fails  beyond  Burton,  near  Lincoln,  but  reappears  farther  on.4 
The  ironstone,  of  which  some  representative  has  been  found  at 
Welbourn,5  first  comes  in  as  a  workable  ore  near  Leadenham 
14  miles  south  of  Lincoln,  and  extends  thence  southward  by 
Fulbeck  and  Caythorpe  to  Honington  and  Barkston,  beyond  which 
excessive  denudation  of  its  outcrop  has  rendered  it  commercially 
worthless  for  several  miles  (see  map,  PI.  V).  It  recovers  its 
thickness  and  quality  at  Woolsthorpe  and  Denton  on  the  Lincoln- 
shire border,  whence  it  passes  south-westward  into  Leicestershire, 
and  continues,  with  considerable  interruption,  in  broad  tracts  of 
good  ironstone  to  Holwell  and  Wartnaby. 

Along  the  south  side  of  the  great  westward  spur  of  Marlstone 
and  higher  strata  that  extends  to  Old  Dalby  and  Grimston,  a  thick 
sheet  of  Glacial  drift  for  several  miles  first  eastward  and  then 
south-westward,  generally  conceals  the  Rock-bed, G  which,  on  the 
whole  decreasing  in  those  directions,  is  scarcely  exposed  in  all 
that  distance  except  in  the  valley  between  Wymondham  and 
Whissendine.  There,  however,  where  the  Marlstone,  greatly 
reduced  in  thickness,  still  makes  an  escarpment,  no  workable  iron- 
stone has  been  found. 

At  Pickwell,  8  or  9  miles  south-east  of  Wartnaby,  the  Mail- 
stone  emerges  from  its  covering  of  drift,  and  remains  more  or 
less  bare  of  cover  for  about  7  miles  south-westward.  The  ore  has 
been  proved  at  Burrow-on-the-Hill,  and  is  worked  at  Tilton  ;  but 
this  section  of  the  outcrop  seems  not  to  have  been  thoroughly 
explored. 

Eowever,  from  Billesdon  southward  the  whole  Rock-bed, 
i;  rinding  the  ironstone,  diminishes  and  locally  almost  disappears. 
In  passing  through  South  Leicestershire  and  the  western  Tart  of 
Northamptonshire  into  Oxfordshire,  the  Marlstone  may  be  con- 
sidered oi  no  value  as  a  source  of  iron  until  it  enters  the  Daventry 
district. 

1  'Geology  of  North  Lincolnshire'  (Mem.  GcoL  Surv.),  1890,  p.  63. 

-  '  Jurassic  Rocks  of  Britain  '  '.  Surv.).  vol.  iii,  lSlt.S.  p.  243 

'  Mineral  Statistics  of  the  Unite!  Kingdom  '  (Mi  m.  GcoL  Surv.). 

'  1".  Wilson,  "The  Lias  Miarlst  me  of  Leicestershire  as  a  source  of  Iron.'  Mid. 
Xat.,  vol.  vui.  1SS.Y  p.  97. 

5  '  Qe  logy  of  South-west  Lincolnshire  '  (Mem.  Oeoi.  Surv.).  1SS5.  p.  -in. 

,;  '  Geology  of  Melton  Mowbray  '  (Mem.  GcoL  Surv.).  1909,  p.  40  :  '  Geology 
of  Leicester  '  {Mini.  GcoL  Surv.).  1903,  p.  30. 
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The  Ore-bed  in  Lincolnshire  and  Leicestershire. 

The  Marlstone  ore  in  its  unweathered  state  is  a  bedded  deposit 
of  green  ferriferous  and  oolitic  limestone,  consisting  mainly  of 
carbonates,  with  some  silicates,  of  lime  and  iron.  In  this  state 
it  varies  in  appearance  from  a  dark  green  densely  oolitic  stone, 
with  dark  green  ooliths  crowded  in  a  still  darker  matrix,  where 
the  stone  makes  the  richest  ore,  to  a  lighter  green  less  densely 
oolitic  material  containing  much  calcite  and  usually  large 
clusters  of  brachiopods  and  other  shells.  "  Kernels  and  occa- 
sionally thin  beds  of  bluish-grey  or  greenish  worthless  stone 
occur  in  the  body  of  the  ore.  Under  the  microscope 
these  are  found  to  consist  of  organic  fragments  set  in  a  matrix 
of  colourless  crystalline  carbonate."1 

But  in  the  state  in  which  it  is  quarried  as  iron-ore  in  Leicester- 
shire and  Lincolnshire,  the  bed  has  been  changed  by  oxidation 
and  solution  under  surface-conditions  either  completely  or  mainly 
into  a  rich  brown  soft  decalcified  ironstone,  still  retaining  its 
oolitic  structure,  in  which  the  closely  packed  ooliths,  converted 
into  ferric  oxide,  are  bound  together  by  a  cement  of  the  same 
material.  In  most  quarries  in  which  the  whole  thickness  of  the 
ore  is  present  the  change  is  not  complete,  one  or  more  beds, 
especially  in  the  lower  part,  retaining  unaltered  green  cores;  but 
in  many  workings  where  denudation  has  somewhat  diminished 
the  thickness  of  the  bed,  all  the  remaining  thickness  is  thoroughly 
decalcified.  From  this  state  there  is  every  gradation  to  that  in 
which  the  ore,  on  passing  under  thin  cover,  is  decalcified  and 
weathered  brown  merely  at  the  top  and  along  bedding-  and  joint- 
planes  where  percolation  has  taken  place.  In  an  exceptional 
tract  at  Fulbeck,  near  the  north  end  of  the  workable  area  in 
Lincolnshire,  the  upper  half  of  the  bed  consists  regularly  of  a 
light  yellowish  brown  flaggy  ferriferous  limestone,  while  the 
lower  naif  is  a  brown  weathered  ore.  In  this  case  the  upper  half 
was  no  doubt  originally  composed  of  denser  and  less  oolitic  lime- 
stone than  usual. 

Some  deposition  of  ferric  oxide  in  joints  and  cracks  locally 
recalls  the  early  stages  of  the  '  box-structure  '  so  characteristic 
of  the  weathered  Northampton  Ironstone  (see  p.  143).  But  the 
absence  of  anything  like  the  complete  development  of  this  struc- 
ture at  once  differentiates  the  Marlstone  from  the  Northampton 
ore  in  the  weathered  state. 

Joint-faces  of  the  oxidized  Marlstone  ore  often  exhibit  a  bluish- 
black  film  of  oxide  of  manganese,  as  do  locally  those  of  the 
Frodingham  and  other  Jurassic  ores.  But  the  amount  of  such 
manganese  is  so  small  as  to  produce  no  appreciable  effect  on  the 
chemical   analysis  of  the  ore. 

In  the  thoroughly  weathered  state  of  this  ironstone  even  the 
calcite  shells  of  brachiopods  and  guards  of  belemnites  have  been 
completely  dissolved  and  all  fossils  are  represented  merely  by 
casts  or  hollow  moulds. 


1  '  Geology  of  Melton  Mowbray  '  (Mem.  Geol.  Surv.),  1909,  p.  91  :    see  also 
'  Jurassic  Rocks  of  Britain,'  (Mem.  Geol.  Surv.),  vol.  iv,  1894,  pi.  ii  and  p.  28. 
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Its  fossil-contents1  serve  readily  to  distinguish  this  ore  from 
the  Northampton  and  Frodingham  Ironstones.  The  .Marl-tone 
ore  almost  everywhere  contains  greal  quantities  oi  the  highly 
characteristic  brachiopods  Rhynchonella  tetrahedra  Sow.)  and 
Terebratula  punctata  (Sow.),  commonly  aggregated  in  I 
clusters.  The  belemnites  Belemnites  elongatus  Miller)  and  B. 
pazillosus  (Schloth.)  also  occur  in  Large  numbers,  other  eharac- 
teristic  fossils  are  the  Lamellibranchs  Modiola  scalpruv 
Pecten  oequivalvis  (Sow.),  lJ .  liasianus  (Nyst.),  Protocardia  trun- 
cata  (J.  de  C.  Sow.),  and  Pteria  [Oxytoma)  incequivalvis  (Sow.) 
The  zone-aminonite  Paltopleuroceras  spinatum  (Brug.)  is  rarely 
found  in   the   district. 

The  abundance  of  belemnites2  and  of  the  ahove-nientioned 
brachiopods  affords  a  useful  means  of  distinguishing  this  iron- 
stone from  the  Northampton  ore;  while  the  absence  of  anything 
like  the  Cardinia-beds  of  the  Frodingham  Ironstone  from  the 
Marlstone  ore  and  of  brachiopod-clusters  from  the  Frodingham 
ore  readily  differentiates  those  two  ironstones. 

Conditions  affecttxo  the  Ore. 

The  Marlstone  of  Lincolnshire  and  Leicestershire  has  on  the 
whole  a  slight  eastward  dip  with  minor  local  variations.  The 
Sock-bed,  usually  a  massive  deposit  resistant  to  denudation, 
where  the  ironstone  is  well  developed,  overlies  a  great  thick]  - 
of  soft  and  easily  eroded  clays  of  the  Middle  and  Lower  Lias, 
al  ove  which  it  rises  in  an  escarpment  gradually  falling  eastward 
with  the  dip.  ,  The  ironstone  in  turn  is  overlain  by  a  considerable 
thickness  of  soft  Upper  Lias  clay,  followed  by  the  resistant  masses 
of  the  Northampton  Sand  and  of  the  Lincolnshire  Limestone, 
where  present.  These  resistant  masses  protect  the  Upper  Lias 
clay  and  control  the  rate  of  recession  of  its  outcrop  in  the  process 
of  denudation. 

In  the  typical  area  of  the  Leicestershire  ironfield  a  long  and 
gentle  dip-slope  of  the  ironstone-bed  has  thus  gradually  been 
exposed  to  atmospheric  influence;  the  ore  has  to  a  great  extent 
been  oxidized  by  weathering  and  relatively  enriched  by  the 
val  of  carbonate  of  lime  in  solution.  Moreover,  the  drainage 
is  mainly  eastward  down  the  dip-slope,  until  it  is  held  up  and 
diverted  by  the  [nferior  Oolite  escarpment;  and,  farther,  I 
is  a  large  amount  of  iron  disseminated  throughout  the  thick  olav 
of  the  Upper  Li.i^.  Much  of  this  iron,  set  free  on  the  weathering 
and  denudation  of  the  clay,  must  have  percolated  downward  into 
the    absorbent    ironstone-led    below,    which    has    thus    received    .1 


'  Fossil- liste  are  given  in  appendices  to  '  Geology  of  the  South-Weetern  Part 
of  Lincolnshire,'  1886,  and  '  Geology  oi  I  1903  >  M  3*nr.),  and 

by  E.  Wilson.  'The  Lias  Marlstone  of    Leicestershire, '    Mid.    Nat.,  vol.,  viij. 
1885,  p.  L56;  also  in   'Jurassic  Rocks  of   Britain  i  L  iii. 

1893,  App.     But  nmst  of  these  lists  include  ammonites  foreign  to  the  Maris* 
proper  (as  limited  to  the  zone  of  PaUopJeuroceras  spinatum)  and  confined 
loi ;  !  top  bed  consisting  oi  b  very  few  inches  at  the  most  of  a  somewhat  different 
limestone.     In  Wilson's  paper,  the  fauna]  difference  between  the  Marlstone  R 
bed  and  this  thin  top  lied  is  emphasized.     Cp  pp.  119,  135,  below. 

-  See  '  Geology  of  Rutland  '  (Mem.  OedL  Surv.),  1  Ifi 
V<  L.  xii.  H 
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greater  enrichment  than  is  due  merely  to  concentration  by  oxida- 
tion of  ferrous  carbonate  and  removal  of  calcium  carbonate  in 
solution. 

The  Marlstone  ore  of  Leicestershire  and  Lincolnshire  is  rather 
poor  in  iron  in  its  unweathered  carbonate  state,  and  becomes 
profitable  to  work  only  where  it  has  been  enriched  under  atmos- 
pheric influence.  For  .on  approaching  the  cover  of  Upper  Lias 
clay  it  becomes  suddenly  more  calcareous  and  less  ferriferous, 
and  this  deterioration  continues  as  it  passes  under  the  clay.1 
Consequently  it  is  worked  only  at  the  surface  in  this  district,  or 
under  a  maximum  thickness  of  about  17  feet  of  cover,  where 
Upper  Lias  clay  is  present.  Under  even  that  thickness  it  becomes 
so  highly  calcareous  that  it  probably  would  not  be  worked  unless 
required  as  ferric  lime  for  fluxing  the  richer  weathered  ore  into 
which  it  passes  at  the  surface.  Possibly,  however,  in  some  parts 
of  the  district  the  unweathered  Marlstone  ore  might  at  some 
future  time  repay  mining  as  ferric  lime  for  mixing  with  richer 
siliceous  ore  from  the  same  part  of  the  country.2 

A  similar  limitation  of  quality  prevails  apparently  throughout 
the  south  of  England  wherever  this  ore  is  worked ;  but  not  in 
Cleveland,  nor  in  the  Isle  of  Raasay,3  in  both  of  which  districts 
the  ironstone-bed  is  richer  in  iron  before  coming  under  atmos- 
pheric influence. 

In  the  principal  area  of  the  Marlstone  ore  in  the  East  Mid- 
lands, the  tract  extending  from  Woolsthorpe  and  Harston  on  the 
Lincolnshire  border,  south-westward  to  Holwell  and  Wartnaby 
in  Leicestershire,  the  Marlstone  Rock-bed,  here  attaining  its 
maximum  thickness,  makes  a  bold  escarpment  above  the  soft 
clays  eroded  in  the  broad  excavation  of  the  Vale  of  Belvoir,  and 
has  a  long  dip-slope,  on  which  the  ironstone  occupies  a  broad 
surface-area  and  is  on  the  whole  well  weathered.  In  this  area 
the  ore  is  at  its  best.4 

But  farther  north,  in  Mid  Lincolnshire,  the  Rock-bed  has 
diminished,  with  less  prominent  escarpment;  its  dip-slope  is 
shorter  arid  the  ironstone-outcrop  narrower,  while  the  ore  is  on 
the  whole  less  weathered  and  more  calcareous,  besides  being  less 
regular  in  its  distribution  as  a  workable  ironstone  (cp.  PI.  VI, 
Sects.  1  and  2). 

Moreover,  from  the  Leicestershire  border  for  some  distance 
north-eastward  the  valleys  of  the  Witham  and  its  tributaries 
have  cut  off  and  so  much  dissected  the  denuded  outcrop  of  the 
ironstone,  there  not  otherwise  reduced  in  width,  that  only  thin 
scattered  remnants  of  the  ore-bed,  too  small  to  repay  separate 
working,  remain  upon  the  lower  sandy  beds  between  Woolsthorpe 
and  Barkston  (see  Map,  PI.  V). 

1  '  Geology  of  Melton  Mowbray  '  {Mem.  Geol.  Surv.),  1909,  pp.  45,  91. 

2  Spb  E.  Wilson,  op.  cit.,  p.  126,  who  records  an  iron -percentage  of  25 — 30  in 
samples  of  unweathered  ironstone  from  the  Tilton  workings.  These  figures 
presumably  refer  to  dried  ore  as  worked  in  the  quarry  under  merely  thin  cover 

3  The  Raasay  Iron-ore  belongs  palaeontologically  to  the  Upper  Lias:  butlitho- 
logically  and  stratigraphically  as  overlying  the  Marlstone  Rock- bed,  it  represents 
the  Marlstone  ore  of  England  :  i.e..  the  same  conditions  of  deposition  as  in  England 
extended  rather  later  to  the  West  of  Scotland. 

*  For  a  description  of  this  area  see  '  Geology  of  Melton  Mowbray  '  (Mem.  Geol. 
Surv.),  1909,  p.  40. 
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In  the  minor  southern  ironstone-working  tract  of  Leicestershire 
the  Rock-bed,  maintaining  a  diminished  thickness  of  18  or  19 
feet  from  Pickwell  to  Billesdon,  again  rises  into  conspicuous 
escarpments  and  forms  bare  elevated  plateaux  or  long  gentle 
dip-slopes,1  on  which  serviceable  ironstone  occurs  at  Buirow-on- 
the  Hill.  At  Tilton,  however,  the  weathered  stone  owes  it- 
quality  rather  to  the  erosion  of  a  transverse  valley  which  has 
produced  the  same  effect  of  long  exposure,  but  without  tbe  same 
width  of  outcrop.  Thinning  south-eastward  from  Billesdon,  the 
Bock-bed  still  retains  its  relative  elevation  and  its  escarpment 
as  far  as  Goadby,  though  reduced  to  a  few  feet  of  hard  flags 
protecting  the  underlying  clay.2  From  the  neighbourhood  of 
Billesdon  southward  the  ironstone  appears  to  fail  for  many  miles. 

Chemical  Composition. 

The  following  tables  give  the  average  values  of  the  chief 
chemical  constituents  of  the  Maidstone  ore  in  Leicestershire  and 
Lincolnshire,  as  well  as  typical  analyses  of  that  ore  for  the  two 
counties.  Apart  from  the  ironstone  of  Woolsthorpe  and  Denton, 
which,  lying  on  the  border  of  Lincolnshire,  belongs  naturally  to 
the  Leicestershire  area  and  is  included  with  it  in  the  tables,  the 
Marlstone  ore  of  Lincolnshire  is  almost  entirely  such  as  would 
be  classed  as  '  limy  '  in  Leicestershire;  consequently  no  separate 
figures  are  given  for  siliceous  ore  in  Lincolnshire;  but  for  the 
Leicestershire  ore  separate  columns  are  assigned  to  the  '  siliceous  ' 
or  '  soft '  and  the  '  calcareous  '  or  '  limy  '  varieties  into  which 
the  ore  is  always  divided  :  — 

Marlstone  Iron-ore  of  Leicestershire  and  Lincolnshire. 

Average  values  of  chief  Typical  analyses, 

chemical  constituents. 
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weathered  conditions  of  the  same  ore,  is  that  the  former  contains 
decidedly  more  iron,  silica  and  alumina,  and  that  in  it  moisture 
largely  replaces  the  lime  and  magnesia  of  the  calcareous  ore. 

A  comparison  with  other  Jurassic  ironstones  shows  that  even 
the  highly  calcareous  Marlstone  ore  of  Lincolnshire  has  a  higher 
average  iron-percentage  than  the  Frodingham  stone,  than  which 
it  contains  much  less  manganese.  The  siliceous  variety  of  the 
Marlstone  ore,  with  an  average  iron-content  decidedly  below  that 
of  the  Northampton  Ironstone,  contains  rather  less  phosphorus, 
but  rather  more  sulphur. 

The  Marlstone  ore,  as  suggested  by  the  blast-furnace  classifica- 
tion into  siliceous  and  calcareous  varieties,  has  a  much  wider 
range  of  variation  than  the  Northampton,  and  for  practical  pur- 
poses even  than  the  Frodingham  ore,  in  which  calcareous  and 
decalcified  beds  alternate  and  interchange  too  frequently  for 
ready  separation  in  practice. 

From  the  conditions  already  described  as  governing  the  varia- 
tion of  the  Marlstone  ore  between  calcareous  and  decalcified  or 
siliceous  states,  it  follows  that  these  two  varieties,  though 
merging  into  one  another,  have  each  a  more  or  less  definite 
distribution.  The  ore  on  the  outer  parts  of  the  outcrop  farthest 
from  the  cover  of  Upper  Lias  clay  is  the  more  decalcified,  and 
at  the  same  time  less  in  thickness  and  less  constant  owing  to 
partial  denudation;  while  before  reaching  the  edge  of  the  Upper 
Lin?  it  becomes  rapidly  more  calcareous,  but  tends  to  regain  its 
full  thickness. 

Consequently,  as  the  best  siliceous  ore,  which  has  on  the  whole 
been  worked  most  and  longest,  approaches  exhaustion  in  the 
principal  areas,  the  stone  remaining  to  be  worked  must  become 
more  calcareous  in  average  composition. 

Faults  and  'Wash-outs.' 

On  the  whole  a  general  freedom  from  serious  faulting  char- 
acterizes the  Maidstone  area  as  well  as  those  of  the  other  Jurassic 
ironstones  of  the  eastern  counties.  An  east-and-west  fault  with 
northerly  downthrow  of  no  great  amount  is  represented  on  the 
one-inch  geological  map  as  crossing  the  outcrop  less  than  a  mile 
south  of  Barkston,  At  Eastwell  a  system  of  close  parallel  step- 
faulting  with  small  north-easterly  downthrows  and  sharp  inter- 
mediate dips  in  the  opposite  direction  continues  a  belt  of  similar 
step-faulting  in  the  same  direction  more  than  a  mile  away  to 
the  south-east  at  White  Lodge1.  But  at  Eastwell  it  appears  to 
culminate  on  the  north-easl  side  in  a  large  fault  which  cuts  off 
the  ironstone.  North  of  Hoiwell  an  east-and-west  fault  with 
southerly  downthrow  outs  out  the  ironstone  on  the  north  side, 
and  other  small  faults  were  proved  in  the  neighbourhood  of 
Hoiwell  and   Wartnabv. 

In  the  case  of  an  ore-bed  dependent  for  its  quality  upon  the 
effects  of  denudation,  any  inequality  of  dip  or  of  erosion  may 
r    mlt  in  areas  of  barren  ground   where  the  base  of  the  bed  has 

1  '  Geology  of  Helton  Mowbray  "  |  M<  m.  Geol.  Surv.),  1909,  p.  46.  For  similar 
step-faulting  in  the  Northampton  Ironstone  see  below,  p.  145. 
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been  brought  to  the  surface.     The  Marlstone  tract  of  Leicee 
shire  shows  many  examples  of  this,  where  the  ore  thins  out  at 
the  surface  and  is  replaced    by  the    Lower   sandy   beds.     'J  i 

termed  '  wash-outs,'  seem  appreciably  to  have 
diminished  the  output  of  ore  in  relation  to  the  area  worked  (see 
below,  p.  114). 

Less  important  are  pockets  of  Upper  Lias  or  Glacial  clay  let 
down  into  the  ironstone  along  weathered  joints  or  other  disturb- 
ances, or  in  mere  erosion-cavities.1 

History  and  Development. 

Like  the  Frodingham  and  Northampton  Iron -tones,  the  Marl- 
stone  ore  was  known  and  worked  in  Leicestershire  and  Rutland 
as  a  source  of  iron  in  early  time-,  as  is  proved  by  the  occasional 
discovery  of  ancienl  slags.  In  recenl  years  the  regular  working 
of  this  ore  began  somewhat  later  than  that  of  the  other  two  iron- 
stones. In  1855  Marlstone  ore  from  Croxton,  L 
tried  in  the  furnaces  of  the  (  lay  Cross  Company,  hut  owing-  to 
transport  difficulties  no  farther  steps  were  taken.2 

In  1873  Mr.  E.  Dalgliesh  decided  to  work  the  ore  at  Holwell, 
and  the  Holwell  Iron  Company,  formed  for  this  purpose,  began 
to  work  it  in  1875;  hut  it  is  not  until  1880  that  any  output  of 
Marlstone  ore  from  Leicestershire  or  Lincolnshire  figures  in  the 
extant  statistics.  In  that  year  outputs  of  77.638  tons  and  52,387 
tons  of  ore  are  recorded  from  Caythorpe  (Lincolnshire)  and  Old 
Dalby  (Leicestershire)  respectively3,  the  latter  amount  coming 
presumably  from  Wartnaby.  The  Holwell  Company's  Asfordby 
furnaces  were  erected  in  1881. 4  In  1882  the  ore  was  being  worked 
both  at  Holwell  and  at  Eastwell,  and  in  188-1  at  Harston,5  so 
that  ironstone-quarrying  had  by  then  extended  throughout  the 
length  of  the  main  orefield  of  Leicestershire. 

The  following  figures6  show  for  the  first  ten  years  a  rapid 
increase  of  ironstone-output  from  Leicestershire,  practically  all 
Marlstone  ore,  and  subsequently  a  much  slower  rate  of  increase, 
with  fluctuations,  the  maximum  output  of  846,02]  tons  having 
Keen  reached  in  1913 :  — 

Leicestershire  Ironstone. 

Year.  Output  in  tons. 

1881         99,599 

1885         310,589 

L890        809,964 

1895        v.N  401 

1900        690,361 

1905        691,614 

1910         660,410  (incomplete). 

685,137 

For   Lincolnshire  do  separate   statistics   oi    Marlstone  ore 
available. 


jv  of  Melton  Mowbray  '  [Mem.  <■■  I  Sum),  1909,  | 
E.  Wilson,  'The  Lias  Marlstone  oi  Leicestershire  as  a  source  of  ban 

ol.  <  in.  1885;  p.  61. 
'  Mineral  statistics  of  the  United  Kingdom  "    .'/•  S   rv.). 

1  E.  Wilson,  >)/).  cit ..  p.  62. 
Some  Office  Records. 

m  'Mineral  Statistics'  and  H-mie  Office  Records. 
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Content,  Output  and  Reserves. 

The  area  of  the  whole  ironfield,  so  far  as  the  ground  containing 
good  ore  can  be  estimated,  may  he  regarded  as  nearly  7  square 
miles  in  Leicestershire  (without  taking  into  account  any  possible 
extension  in  the  south  between  Pickwell  and  Billesdon)  and  rather 
more  than  3  square  miles  in  Lincolnshire;  of  which  the  amount 
worked  out  is  less  than  3  square  miles  in  Leicestershire,  and  about 
1^  square  miles  in  Lincolnshire  ;  so  that  reserve  areas  of  rather 
more  than  4  square  miles  and  less  than  2  square  miles  respectively 
remain  in  the  two  counties  [see  map,  PL  V). 

Since  the  Marlstone  ore  of  these  counties  depends  so  largely 
on  atmospheric  action  for  its  quality,  most  of  the  ore  already 
removed  or  remaining  to  work  falls  in  point  of  thickness  below 
the  average  of  the  whole  Led,  as  the  result  of  denudation.  While 
in  a  few  cases  the  full  maximum  thickness  of  15  or  16  feet  may 
be  got,  though  rarely  without  rejection  of  some  excessively  cal- 
careous parts,  elsewhere  remnants  of  good  weathered  ore  may 
be  worked  with  a  maximum  thickness  of  no  more  than  3  feet. 
Consequently  the  average  thickness  of  stone  worked  becomes 
difficult  to  ascertain,  and  since  the  more  weathered  and  better 
tracts  have  been  worked  more  extensively  than  the  less  weathered 
and  less  denuded  areas,  the  thickness  of  the  stone  worked  out 
varies  more,  owing  to  inequality  of  denudation,  than  that  of 
the  stone  remaining,  and  its  average  must  be  less. 

The  total  output  of  Marlstone  ore  for  Leicestershire  in  the 
period  from  1880  to  1916  inclusive,  as  determined  bv  the  avail- 
able statistics,1  amounts  to  rather  less  than  20,300,000  tons,  and 
may  be  estimated  from  the  corresponding  data  to  have  been 
probably  not  more  than  10,000,000  tons  for  Lincolnshire  in  the 
same  period.  For  in  recent  years  the  Leicestershire  output  of 
Marlstone  ore  has  greatly  exceeded  the  Lincolnshire  output  of 
the  same  ore  (in  1917  Leicestershire  produced  554,591  tons  and 
Lincolnshire  381,628  tons— total  936,219  tons2);  but  in  the  early 
years  of  the  industry  the  Lincolnshire  output  may  have  been 
the  greater.  The  total  estimates  given  above  imply,  if  the 
statistics  are  complete,  a  rather  small  average  thickness  of  ser- 
viceable ore  obtained  from  the  areas  exhausted,  viz.,  about 
5  feet  3  inches  for  Leicestershire  and  5  feet  10  inches  for  Lincoln- 
shire— considerably  less,  in  the  case  of  Leicestershire,  than  the 
average  thickness  of  good  ore  in  the  working-faces;  for  tlie  area^ 
worked  out  include  tracts  of  barren  ground  or  of  thin  ore,  as  the 
result  of  uneven  denudation  or  of  local  deterioration,  e.g.,  at 
Wartnaby,  Holwell  and  north  of  Eaton. 

As  already  stated,  the  areas  of  Marlstone  ore  remaining  to  be 
worked  in  these  counties  should  contain  ironstone  of  greater 
average  thickness  with  less  barren  ground,  but  on  the  whole  more 
calcareous.  On  assumed  average  working-thicknesses  of  8  feet 
of  ore  for  Leicestershire  and  7  feet  for  Lincolnshire,  the  reserves 

1  '  Mineral  Statistics  of  the  United  Kingdom  '  for  the  first  two  years,  and  subse- 
quently the  Home  Office  Records. 

"■  From  the  Ministry  of  Munitions.  The  Stanton  Company's Harston  workings, 
situated  on  the  Leicestershire  side  of  the  county  boundary,  are  here  included  under 
•  Lincolnshire.' 
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of  Marlstono  ore  would  amount  to  about  42,000,000  tous  and  less 
than  20,000,000  tons  respectively  for  the  two  counties1;  so  that 
the  total  content  of  workable  Marlstone  ore  before  working  began 
ma;  be  considered  to  have  been  not  loss  than  62,000,000  tons 
in  Leicestershire,  and  about  30,000,000  tons,  or  rather  less,  in 
Lincolnshire.  Possibly  these  latter  figures  should  be  increased 
by  a  not  inconsiderable  amount  of  calcareous  ore  that  could  have 
been  utilized  under  present  conditions,  but  was  wasted  as  of  no 
value,  in  extracting  the  ore  under  earlier  conditions. 

The  map,    Plate  V,    -hows    the   distribution   ui    the    reserves 

estimated  and  of  the  principal  areas  worked  out.  At  Leadenham, 
the  most  northerly  point  of  former  working-,  though  workable 
ironstone  may  possibly  extend  a  little  farther  north  to  Welbourn, 
it  is  probable  that  comparatively  little  Marlstone  ore  has  been 
got,  and  a  limited  amount  remains  between  there  and  Fulbeck, 
where  the  ironstone  is  now  being  worked  along  the  more 
weathered  part  of  its  outcrop,  west  of  the  railway.  It  was 
formerly  worked  there  east  of  the  railway  up  to  the  outcrop  of 
the  Upper  Lias,  but  was  abandoned  as  too  calcareous.  Between 
Fulbeck  and  Caythorpe,  at  whicli  place  ironstone  is  still  being 
got,  chiefly  west  of  the  railway,  the  weathered  outcrop  on  that 
side  of  the  railway  has  been  exhausted,  but  a  narrow  outcrop 
of  more  calcareous  ore  remains  on  the  east  side.  It  is  stated 
that  practically  no  serviceable  ore  remains  between  Xormanton 
and  Carlton  Scroop,  where  operations  have  long  since  been  dis- 
continued. The  ironstone,  for  the  most  part  rather  highly  cal- 
careous, is  now  being  worked  between  Honington  and  Barkston 
in  two  quarries  separated  by  a  tract  of  barren  ground,  in  which 
denudation  has  reduced  the  outcrop  to  very  narrow  dimensions. 
Workable  ore  has  been  proved  for  some  little  distance  farther  north 
on  the  east  side  of  Honington.  But  south-westward  from  Barks- 
ton  to  the  neighbourhood  of  Woolsthorpe  and  Denton,  though 
the  ground  has  been  tested  by  trialing,  only  a  few  thin  scattered 
remnants  of  the  ore  have  been  found,  for  reasons  already  indi- 
cated (see  p.  110),  on  the  broad  outcrop  of  the  Marlstone;  while 
the  ore-bed  in  the  proximity  of  the  Upper  Lias  becomes  poor 
in  iron  and  highly  calcareous. 

Woolsthorpe  and  Denton,  both  within  Lincolnshire,  may  be 
taken  to  mark  the  beginning  of  that  great  tract  of  weathered 
Marlstone  ore  whicli  extends  beyond  Wartnaby  and  constitutes 
the  main  orefield  of  Leicestershire.3  This  tract,  however,  is  by 
no  means  continuous  as  a  broad  sheet  of  good  weathered  iron- 
stone. The  valley  of  the  River  Devon  has  cut  deeply  into  it 
west  of  Woolsthorpe  and  Barston;  and  with  its  numerous  tribu- 
taries has  dissected   it    aearly  as   far  as   Eastwell,  thus  greatly 

These  figures  are  less  than  the  provisional  estimates  given  in  '  Summary  of 
Progress'  for  L917,  p.  7  ;  but  in  the  oase  of  Leicestershire  they  no  not  include 
any  estimate  of  reserves  in  the  Tilton  district  outside  the  ground  actually  proved, 
while  in  Lincolnshire  any  possible  reserves OD  the  outer  parts  of  the  Marlstone  out- 
crop south  of  Caythorpe  are  exchx 

-  Fora  detailed  geologioa]  account  of  this  ground  see  '  Geology  of  Melton  Mow- 
bray '  (Mem.  Gcol.  3wrv.),  1909,  pp.  41-9. 
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reducing  the  area  of  ironstone.  At  Eastwell  a  broad  drift-filled 
depression  traversing  the  outcrop  makes  a  gap  nearly  a  mile  in 
width  between  the  neighbouring  areas  of  workable  stone.  West- 
ward and  south-westward  from  Goadby  Marwood  again  denuda- 
tion has  almost  entirely  removed  the  profitable  ore,  and  has  left 
for  the  most  part  only  the  lower  sandy  beds  at  the  surface,  while 
near  the  outcrop  of  the  Upper  Lias  the  ore-bed  appears  to  have 
been  found  too  calcareous.  This  barren  tract,  intersected  by  a 
dee])  stream-valley  and  its  tributaries,  is  cut  off  westward  in  the 
neighbourhood  of  Scalford  by  another  broad  depression  filled 
with  boulder-clay,  under  which  one  or  more  faults  have  the  effect 
of  narrowing  the  outcrop  of  the  Marlstone.  Near  Holwell,  how- 
ever, the  ore-bed  comes  to  the  surface  again,  and  extends  for 
2  miles  westward  a  little  beyond  Wartnaby,  but  not  as  a  continu- 
ous area  of  ironstone.  This  area  has  been  practically  exhausted, 
only  a  small  tract  of  good  ore  remaining  at  Wartnaby,  where  it 
is  now  being  worked  off.  The  Marlstone  outcrop  is  prolonged 
about  2  miles  farther  westward,  but  except  near  its  northward 
escarpment,  is  entirely  covered  with  boulder-clay.  Attempts  to 
find  workable  ore  on  this  westward  prolongation  have  not  proved 
successful.  Apart  from  the  small  remnant  at  Wartnaby,  work 
is  now  confined  to  the  tract  extending  from  Woolsthorpe  to  Goadby 
Marwood. 

From  Pickwell  to  Billesdon  the  elevated  plateaux  and  gentle 
slopes  of  the  Marlstone  Rock-bed  constitute  an  isolated  area, 
which  may  prove  to  carry  a  greater  extent  of  workable  Marlstone 
ore  than  has  yet  been  discovered  there.  For  the  conditions 
are  similar  to  those  prevailing  in  the  other  iron-producing 
Marlstone  areas  of  Leicestershire  and  Lincolnshire  (see  above, 
p.  110).  This  tract  of  Marlstone,  divided  into  two  parts  by  a 
broad  erosion-valley  in  the  neighbourhood  of  Owston,  may  be 
estimated  to  contain  a  surface-area  of  the  rock-bed  amounting  to 
about  2^  square  miles,  in  which  the  Marlstone,  more  or  less  inter- 
sected by  stream-valle3*s,  is  free  from  cover  of  Upper  Lias  or  of 
thick  drift.  While  so  far  the  ironstone  has  been  worked  only 
near  Tilton  Station,  a  mile  east  of  the  village,  though  it  has 
recently  been  proved  and  leased  at  Burrow-on-the-Hill,  the  whole 
tract,  from  Pickwell  to  Billesdon,  probably  affords  a  better 
prospect  than  any  other  unexploited  area  in  Lincolnshire  or 
Leicestershire  of  an  important  extension  of  the  Marlstone  ore- 
fields.  It  has  been  said,  however,  that  the  ore  south  of  Tilton 
is  generally  too  thin  to  work.1 

The  extensive  tract  of  low-lying  ground  extending  southward 
from  Wymondham  and  Whissendine  beyond  Oakham  and  Egleton 
contains  a  large  area  of  the  Marlstone  Rock-bed,  there  exposed 
by  valley-erosion.  But  the  whole  rock-bed,  which  has  thinned 
considerably  eastward,  rarely  attains  a  thickness  of  9  feet,  and 
is  only  6  or  8  feet  thick  in  the  neighbourhood  of  Oakham.2  The 
iron-ore,  where  present,  is  said  to  be  too  thin  to  work.3 

1  Judd,  '  Geology  of  Rutland  '  (Mem.  Geol.  Sun:),  1875,  p.  70. 

2  rbid. 

3  E.  Wilson,  op.  cit.,  p.  124. 
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Methods  of  Working. 

In  Leicestershire  live  companies,  which  either  consume  the  ore 

in  their  own  furnaces  or  are  themselves  owned  severally  or 
jointly  by  the  great  iron-makers  of  the  North  Midlands,  now  work 
all  the  Marlstone  ore  obtained.  In  cases  of  joint-ownership  the 
ore  from  one*  quarry  may  go  to  more  than  one  iron-producing 
district,  and  the  proportions  of  siliceous  and  calcareous  ironstone 
sent  out  can  be  adjusted  to  different  requirements.  In  Lincoln- 
shire, besides  one  of  the  same  five  companies,  only  two  oth  rs 
are  quarrying-  this  ore,  one  of  them  raising  it  solely  for  sale  and 
distributing  it  to  several  iron-makers  chiefly,  but  not  entirely, 
within  the  North  Midland-. 

The  ore  is  necessarily  worked  wholly  by  opencast  in  these 
counties.  The  amount  of  cover  varies  from  1  or  2  feet  of  soil 
to  a  maximum,  rarely  readied,  of  16-17  feet,  where  the  proportion 
of  Upper  Lias  clay  is  not  great.  In  one  exceptional  case,  as 
much  as  22  feet  of  tough  boulder-clay  is  being  removed  fur  a 
short  distance,  where  no  Upper  Lias  is  present;  and  the  ironstone 
is  not  much  more  calcareous  under  that  amount  of  drift  than  in 
neighbouring  ground  where  the  drift-cover  is  thin. 

In  opencast  working  the  soil  is  removed  separately  and  is 
replaced  on  the  new  surface  behind  the  working-face  after  filling 
in  the  excavation  with  the  material  of  the  cover  and  other  waste. 

Steam-navvies  are  sometimes  used  for  removing  the  cover,  but 
this  is  not  the  general  practice.  Occasionally  tough  boulder-clay 
requires  blasting. 

The  ironstone  is  usually  worked  entirely  by  hand,  rarely  by 
steam-navvy.  The  stone  is  sometimes  sorted  by  hand  into 
'  limy  '  and  '  siliceous  '  or  '  soft  '  ore ;  but  commonly  a  more  or 
less  definite  division,  either  downward  in  depth,  or  horizontally 
in  the  direction  of  the  outcrop  of  the  overlying  Upper  Lias,  enables 
the  stone  to  be  graded  in'  bulk  into  siliceous  and  calcareous  varie- 
ties. 

In  some  workings  a  large  proportion  oi  very  good  ore  is  saved 
from  the  thin  cover  of  weathered    ironstone  mixed  with  soil  by 
shaking  out  with  the  fork.     Occasionally  this  can  be  done  where 
there  is   some  admixture    of   boulder-clay;   but    in    that   case 
stone  saved  is  apt   to  be  wet  and  dirty,  and  to   req  cial 

care  in  mixing.  Where  grading  into  the  two  varieties  oi  me  is 
not  possible  or  accessary,  tic  whole  thickness  i>  usually  worked 
together  and  mixed;  but  highly  calcareous  green  cores  are  some- 
times rejected  as  ton  poor  in  iron.  In  former  years  the  Lowes! 
part  ot  the  ironstone,  to  a  thickness  "t  3  or  -1  feet,  was  in  some 
cases  lett  in  the  ground  as  too  calcareous  tor  use.  The  hind  being 
entirely  agricultural,  this  on-  was  buried  in  re-making  the 
ground,  and  is  not  now  recovered.  Bui  such  lower  ealcai 
beds  are  nowadays  worked  together  with  the  more  lecaL 
parts. 


118  MARLSTONE    ORES. 

The  ore,  never  calcined  at  the  quarries,  for  both  the  siliceous 
and  the  calcareous  varieties,  especially  the  latter,  are  commonly 
put  into  the  blast-furnace  in  the  raw  state,  is  generally  loaded  at 
the  '  face  '  into  tubs  hauled  by  a  narrow-gauge  engine  either  direct 
to  the  railway,  where  it  is  shot  into  trucks,  or  to  a  gravitation- 
plane  leading  down  to  the  railway. 

Railway  facilities  have  naturally  had  an  important  bearing  on 
the  working  of  the  ore.  In  this  case  the  general  parallelism  of 
the  Inferior  Oolite  and  Maidstone  escarpments  in  the  north-and- 
south  direction  coincident  with  a  main  direction  of  railway  traffic 
has  given  a  fortuitous  advantage  in  working  the  ore,  owing  to 
the  natural  suitability  of  the  level  ground  at  the  foot  of  either 
escarpment  for  railway-construction.  Thus  all  the  main  railways 
that  now  serve  the  ironstone-workings  were  in  existence  previously, 
only  one  standard-gauge  mineral-line  having  been  made  since  the 
beginning  of  the  ironstone  industry. 

The  Great  Northern  line  northward  from  Grantham  serves  the 
Mid  Lincolnshire  workings :  the  main  Leicestershire  ironfield 
depends  partly  on  the  Grantham  and  Nottingham  and  the  Melton 
and  Nottingham  lines,  but  mainly  upon  the  G.N.  and  L.  &  N.W. 
Joint  Line  northward  through  Melton  Mowbray,  which  line  carries 
the  ore  also  from  the  southern  ironstone  district  of  Leicestershire. 


Treatment. 

The  chief  seat  of  the  iron-making  industry  based  largely  upon 
the  use  of  Marlstone  ore  from  Leicestershire  and  Lincolnshire,  is 
the  Derbyshire  and  Nottinghamshire  coalfield  (with  an  extension 
into  South  Yorkshire),  where  this  and  other  Jurassic  ores  have 
displaced  the  Coal-measure  ironstones  formerly  used.  Only  the 
Holwell  Iron  Company  has  its  blast-furnaces  in  Leicestershire. 
This  company  had  Marlstone  ore  close  at  hand,  but  since  the 
exhaustion  of  the  Holwell  area  now  goes  somewhat  farther  afield 
for  its  supply  of  Leicestershire  ore. 

Some  of  the  Lincolnshire  Marlstone  ore  goes  to  North  and 
South  Staffordshire,  and  recently  some  has  been  sent  to  Middles- 
brough. 

The  calcareous  Marlstone  ore  of  Leicestershire,  with  an  average 
lime-percentage  of  12  or  13  and  a  little  magnesia,  is  self-fluxing, 
bnt  in  mixture  with  the  decalcified  stone  requires  the  addition 
of  lime  as  a  flux.  It  is  probably  owing  partly  to  the  decreasing 
proportion  of  siliceous  Marlstone  ore  available  that  the  general 
practice  has  arisen  of  mixing  siliceous  Northampton  Ironstone 
with  the  Marlstone  ore.  For  it  was  found  that  this  was  also  well 
suited  to  the  grades  of  iron  made. 

These  have  been  in  the  past  almost  entirely  foundry-  and  to 
•a  less  extent  forge-irons  of  good  quality.  Practically  no  nig 
for  steel-making  1ms  been  produced  in  the  furnaces  of  the  Derby- 
shire and  Nottinghamshire  Coalfield  until  recently.     Even  under 
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present  conditions,  when  most  of  the  companies  that  have  de- 
pended largely  upon  the  use  of  Maidstone  ore  are  making  basic 
iron  for  the  manufacture  of  steel,  as  well  as  foundry-  and  forge- 
irons,  these  companies  use  principally  a  mixture  of  Northampton 
and  Frodingham  ores  for  steel-production,  and  still  employ  the 
mixture  of  Marlstone  and  Northampton  ores,  with  the  addition 
of  limestone  and  in  some  cases  of  more  calcareous  ore  as  ferric 
lime,   for  making  foundry-  and  forge-irons. 

The  limestone  use'd  is  either  Lincolnshire  Oolite  or,  where  the 

furnaces  are  conveniently  situated  for  obtaining  it,  Derbyshire 
Carboniferous  Limestone. 


(2)  Northamptonshire  and  Oxfordshire  with  Warwickshire. 

Stratigraphical  Description. 

From  South  Leicestershire  through  much  of  Northampton- 
shire the  Marlstone  ore  is  of  inferior  quality,  but  about  4  miles 
south-west  of  Daventry  in  the  latter  county  it  again  becomes 
productive.  Thence  it  spreads  south-westwards  over  a  consider- 
able area,  lying  chiefly  in  Oxfordshire,  near  Banbury,  but  in- 
cluding parts  of  Northamptonshire  and  Warwickshire. 

The  Rock-bed  here  consists  mainly  of  a  brownish-weathering 

ferruginous  sandy  oolitic  limestone,  passing  down  into  brown 
sandy  clays  with  thin  hard  calcareous  bands.  The  bottom  layers 
and  the  clays  below  contain  numerous  dark-skinned  nodules. 
Eastwards  the  ironstone  is  overlain  by  Upper  Lias  clays  and 
earthy  limestones,  and  the  thickness  of  this  cover  plays  an  im- 
portant role  in  determining  the  quality  of  the  ore. 

The  succession  of  strata  is  rarely  displayed  near  Banbury,  but 
some  cuttings  on  a  mineral-line  recently  made  from  the  Great 
Western  main  line  into  the  centre  of  the  Edgehill  plateau  fur- 
nished the  following  details  north  and  east  of  Neithrop  Fields:  — 


Banbury  anil  Edge  Hill  District. 


Upper  Lias  ...  Clay  and  limestone.  At  the  base  a  2-inch  band 
of  limestone  (Acutum-bed).  firmly  welded  on 
to  the  Marlstone 

f  Marlstone     Bock-bed  :      Thick-bedded     sandy 
oolitic  ferruginous  limestone  with  large  green 
cores         ...  ...  ...  ...  ...    1"  to 

I  Shales  with  small  flattened  dark-skinned  nodules 
Middle  Lias  ...<J  Bluish-grey  Bandy  limestone.  Bhaly  at  t  ip 
Bluish-grey  sandy  micace  iua  claya  with 

numerous  white-skinned  nodules 
Pale-grey  sandy  shelly  limestone 
[^Dark-grey  shelly  micaceous  claya 

Lower  Lias    ...     Dark  clay  with  brown-skinned  nodules  ... 
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i  he  outcrop  of  the  whole  of  tlie  ferruginous  Marlstone  is  shown 
as  ironstone  on  the  map  forming  Fig.  11  (p.  121).  From  Baventry 
southwards  to  near  Banbury  it  forms  a  flat-tonned  belt  of  ground 
terminating  in  a  short  steep  escarpment  that  overlooks  the  Lower 
Lias  plain  to  the  west.  Eastwards  it  is  covered  by  a  gradually 
increasing  thickness  of  Upper  Lias  and  Oolites.  In  this  outcrop 
the  ore  is  mainly  of  the  calcareous  variety  and  contains  an  average 
iron-content  of  about  23  per  cent,  over  the  area  regarded  as  work- 
able. It  is  worked  at  Charwelton  near  Hellidon,  at  Byfield,  and  at 
Buston  Farm  near  Kings  Sutton,  but  deteriorates  rapidly  east- 
wards under  the  Uprjer  Lias. 

To  the  west  and  north-west  of  Banbury  the  outcrop  widens 
out  and  the  rock  forms  a  long  dip-slope  rising  from  300  feet 
•above  sea-level  at  Adderburv  to  upwards  of  TOO  feet  in  the  bold 
escarpment  of  Edge  Hill.  South-east  of  Edge  Hill  the  rock-bed 
passes  under  a  broad  tract  of  Upper  Lias  and  Oolites,  and  thence 
southwards  forms  only  narrow  outcrops.  Here  also  it  is  prin- 
cipally calcareous,  with  an  iron-content  varying  from  17  to  27-40 
per  cent.,  rising  in  places  to  27-82  on  a  few  parts  of  the  dip-slope, 
but  in  others  falling  much  below  that  figure.  Prior  to  1915  the 
principal  workings  were  situated  along  the  southern  edge  of  the 
tract,  at  Hook  Xorton  and  Adderburv,  but  since  that  year  open- 
ings have  been  made  at  Bloxham  and  Sydenham,  near  Adder- 
bury,  and  arrangements  are  being  made  to  develop  the  plateau 
between  Edge  Hill  and  Banbury,  where  the  stone  has  hitherto 
been  quarried  for  building  only. 

From  this  district  southwards  through  Gloucestershire,  Somer- 
set, and  Dorset,  the  stone  consists  of  brown  sandy  ironshot  lime- 
stone, of  little  value  as  a  source  of  iron,  though  here  and  there 
layers  may  be  found  to  yield  a  good  percentage.  It  appears  to 
have  been  formerly  worked  on  Eobin's  Wood  Hill,  near  Glou- 
cester.1 

In  a  working  face  the  dip  of  the  Marlstone  is  generally 
imperceptible,  excepting  near  faults,  but  there  is  a  general 
inclination  of  about  50  feet  per  mile  towards  the  south-south-east, 
as  shown  by  the  dip-slope  from  Edge  Hill  to  the  River  Cherwell. 

Within  the  exposed  ironfield  the  thickness  of  the  Marlstone 
varies  between  6  and  30  feet.  It  attains  its  maximum  in  the  Edge 
Hill  district  and  gradually  diminishes  to  6  feet  in  Northampton- 
shire. The  attenuation  appears  to  be  due  to  the  lower  part  passing 
into  micaceous  sandy  clays  with  thin  limestones.  Consequently 
the  ironstone  of  the  eastern  district  is  equivalent  only  to  the 
upper  portion  of  the  Marlstone  of  Edge  Hill.  This  thinning-out 
of  the  stone  continues  under  the  cover  of  Upper  Lias  and  Oolites. 
Thus,  in  the  section  of  the  Bracklev  well,2  the  whole  is  repre- 
sented by  clay  with  beds  of  stone,  while  in  boreholes  at  Calvert,3 
Burford,4  and  Oxford,5  the  Upper   and   Middle    Lias   are  thin  or 

1  P.  B  Brodie,  Quart.  Journ.  Geol.  Soc,  vol.  ix.  1853,  p.  31,  footnote. 

2  Water  eupply  of  Bedfordshire  and  Northamptonshire  '  {Mem.  Geol.  Surv.) 
1909.  pp.  74-76. 

3  A.  M.  Da  vies  and  J.  Pringle,  '  Two  deep  borings  at  Calvert  Station.'  Quart. 
Journ.  Geol.  Soc,  vol.  Ixix,  1913.  p.  308. 

4  '  Jurassic  Rocks  of  Britain  '  (Mem.  Geol.  Surv.),  vol.  K,  1894,  p.  303. 

5  'Water  Supply  of  Oxfordshire'  (Mem.  Geol.  Surv.),  1910,  pp.  65-67. 
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Fig.  11. — Sketch  map  of  the  Ferruginous  MarUtone  Outcrop  in  the 

Illinium/  iJistricl. 
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absent.  The  underground  extension  of  the  bed,  however,  is  of 
little  importance  as  a  source  of  iron,  since  the  stone  becomes  less 
ferriferous  under  cover. 

In  most  of  the  workings  two  well-marked  series  of  vertical  joints 
facilitate  the  removal  of  the  rock.  Frequently  the  joints  have 
been  widened  by  solution  and  filled  with  clay  from  above.  Large 
'  gulls  '  are  not  common,  but  small  faults  are  somewhat  numerous, 
particularly  along  the  Cherwell  valley.  The  more  important  lines 
of  dislocation  traverse  the  area  south-west  of  Banbury  and  along 
the  Swere  valley  south  of  Adderbury. 

The  ore  varies  in  character  according  to  the  conditions  under 
which  it  occurs,  as  in  the  counties  previously  described  (p.  109). 
Under  a  thick  cover  it  is  an  oolitic  rock  consisting  mainly  of  car- 
bonates of  lime  and  iron,  with  a  bluish-green  tint  which  is  believed 
to  be  due  to  the  presence  of  silicate  of  iron.  Near  the  surface  it 
has  been  more  or  less  decalcified  and  converted  into  a  soft,  dark- 
brown  rusty-looking  stone.  The  change  results  in  an  increased 
percentage  of  the  iron  and  silica-contents,  and  the  ironstone 
becomes  a  siliceous  ore  of  a  highly  porous  character,  containing 
up  to  about  20  per  cent,  of  moisture.  Between  the  calcareous  and 
siliceous  conditions  there  are  intermediate  stag'es,  mainly  deter- 
mined by  the  presence  or  absence  of  Upper  Lias  clays  in  the  over- 
burden. The  upper  portion  of  the  bed  generally  shows  the  change 
first,  and  the  progressive  alteration  can  be  seen  in  the  gradual 
appearance  of  cores  of  unaltered  stone  downwards.  The  differ- 
ence of  composition  is  shown  in  the  following  average  analyses  :  — 
Banbury  and  Edge  Kill  District. 

Top  Bed.     Bottom  Bed. 
per  cent,     per  cent. 

Iron  30-0  22-0 

Silica  120  8-0 

Lime         20  16-0 

The  richer  stone,  therefore,  is  to  be  looked  for  in  such  an  area  as 
a  broad  dip-slope  which  has  long  been  exposed  to  weather.  Ore 
so  situated  may  have  received  further  enrichment  by  the  infiltra- 
tion of  iron  set  free  in  consequence  of  the  denudation  of  the  Upper 
Lias  clays,  which  contain  an  appreciable  amount  of  iron. 

The  average  chemical  composition  of  the  ore  as  worked  is  set 
forth  in  the  tables  below7.  By  comparison  with  the  analyses  given 
on  p.  Ill,  it  will  be  seen  that  the  calcareous  ironstone  more 
closely  resembles  the  calcareous  Marlstone  of  Leicestershire  than 
the  equivalent  ore  of  Lincolnshire  in  its  percentage  of  iron ;  but 
that  it  appears  to  be  less  siliceous  than  the  stone  worked  in  either 
of  these  counties.  It  is  mixed  with  siliceous  ore  in  about  equal 
proportions  to  produce  a  self-fluxing  ore. 

Calcareous  Ore. 

Average.  Range, 

per  cent.  per  cent. 

Iron,  in  stone  as  received           2386  1700  to  2740 

Iron,  in  dried  stone 20-81  to  3100 

Silica  


Alumina    . . , 
Lime 

Magnesia  ... 
Manganese 
Sulphur     ... 
Phosphorus 
Moisture    ... 


8-49  7- 00  to    945 

7-80  5-29  to    928 

1693  11-68  to  24-07 

0-40  0-08  to    0-64 

0-24  009  to    0-38 

004  001  to    0*09 

0-27  0-15  to    0-36 

12-69  10-00  to  17-73 
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Siliceous  Ore. 

Average.  Range. 

Iron,  in  s' one  as  received          ...         ...  3059  30-13  to  3120 

Iron,  in  dried  stone 3860  37  20  to  4000 

Silica          10-29  9-89  to  10-55 

Alumina 675  4'05  to    918 

Lime          2-83  226  to    389 

Magnesia. 0-39  030  to    046 

Manganese            029  0-20  to    036 

Sulphur 0-06  003  to    0-12 

Phosphorus           0-28  013  to    044 

Moisture 2000  1900  to  2200 

The  iron-content  of  the  ore  on  the  long  dip-slope  between  Banbury 
and  Edge  Hill  increases  along  the  western  edge  of  the  area,  and  is 
higher,  as  might  lie  expected,  than  on  the  lower  slopes  of  the 
plateau  nearer  Banbury,  where  the  rock-bed  is  still  partly 
covered  by  outliers  of  Upper  Lias  clays.  The  range  of  percent- 
ages of  the  various  constituents  shown  in  the  table  below  is  baaed 
on  the  results  of  numerous  analyses:  — 

Analyses  of  raw  Ores  from  between  Banbcry  and  Edge  Hill. 

Per  cent. 

Iron,  as  received      2435  to  3000 

Silica  10-62  to  1400 

Alumina        600  to    809 

Lime 996  to  1320 

Magnesia       ...         ...         ...      traces  to  134 

Manganese    ...         ...         ...       0- 46  to  0- 60 

Sulphur         003  to    005 

Phosphorus 022  to    025 

Moisture        ...         ...         ...         ...     1135  to  1554 

The  stone  is  not  worked  at  present,  except  for  building  pur- 
poses, but  arrangements  to  open  up  the  area  as  a  source  of  iron- 
ore  are  well  advanced.  In  the  long  outlier  on  which  Alollington 
stands,  the  raw  stone  yields  between  18  and  20  per  cent,  of  iron, 
and  is  calcareous;  nothing  is  known  of  the  Deddington  tract. 

Excluding  the  narrow  outcrop  extending  along  the  western 
and  southern  margins  of  the  field  and  also  the  inliers  around 
Enstone,  the  total  area  occupied  by  the  ironstone-bed  as  shown 
on  the  map  amounts  to  34,650  acres;  a  part  of  this,  computed  to 
yield  over  36,000,000  tons,  is  more  or  less  developed,  but  whether 
the  whole  of  the  remainder  will  be  found  profitable  to  work 
remains  to  be  proved.  Ii  is  probable,  however,  that  most  of  the 
ore  covering  the  plateau  is  workable,  and  that  ii  worked  to  an 
average  depth  of  12  feet  over  an  area  of  10,656  acres,  with  an 
output  of  2,500  tons  per  Coot-acre,  it  would  yield  319,680,000  tons. 

The  workings  are  all  opencast,  and  in  several  Localities  steam- 
excavators  are  used,  tilling  direct  into  railway-trucks.  The  iron- 
stone is  worked  under  cover  ranging  up  to  14  feet  in  thickness, 
and  in  view  of  the  deterioration  previously  referred  to,  is  not 
likely  to  be  followed  farther  or  mined.  Alter  the  ore  has  been 
removed,  the  materials  which  formed  the  cover  aie  replaced.      The 

ore  is  screened  in  one  locality  only,  and  calcined  before  dis] 
in  three  localities. 

The  Marlstone  has  been  worked  with  varying  success  as  an 
iron-ore  almost  continuously  since  the  year  18-39.     In  that  vear 
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attention  was  drawn  by  Hull1  to  its  ferruginous  nature  near 
Fawler,  and  shortly  afterwards  workings  were  established  in  what 
became  known  as  '  Blenheim  ore.'  In  the  following  year  work- 
ings were  opened  up  at  Adderbury,  Kings  Sutton,  and  tem- 
porarily at  Steeple  Aston.  In  1864  HowelP  pointed  out  that  the 
same  bed  is  a  good  ironstone  from  6  to  9  feet  in  thickness  in 
the  neighbourhood  of  Swalclifte,  and  "  that  it  may  possibly  be 
found  worth  working  when  the  country  to  the  west  of  Banbury 
is  more  opened  up  by  railway."  This  anticipation  was  realised 
when  the  Banbury  and  Cheltenham  railway  was  completed,  and 
workings  were  opened  at  Hook  Norton.  In  1914  the  stone  was  being 
won  only  at  Hook  Norton,  Adderbury  and  near  Kings  Sutton, 
but  as  a  result  of  an  increased  demand  new  openings  have  been 
made  at  Bloxham  and  Sydenham,  near  Adderbury,  and  in  the 
northern  part  of  the  area  at  Byfield  and  Charwelton,  localities 
conveniently  situated  in  respect  to  railways ;  whilst  numerous 
additional  working-faces  on  the  Edge  Hill  plateau  are  in  con- 
templation so  soon  as  mineral-lines  have  been  constructed. 

The  returns  from  Oxfordshire,  Northamptonshire  and  War- 
wickshire are  not  distinguished  from  those  of  other  counties  in 
the  Home  Office  Statistics,  excepting  for  the  years  1899  and  1900, 
when  166,163  and  193,222  tons  were  obtained.  Returns  of  indi- 
vidual pits  appear  to  have  been  made  prior  to  the  year  1881. 
At  Fawler  the  quantity  of  ore  raised  between  the  years  1858  and 
1866  varied  from  1,200  tons  (in  1858)  to  5,600  tons  (in  1861); 
no  independent  returns  were  issued  after  1866,  and  the  workings 
were  discontinued  in  1887.  At  Adderbury  over  4,000  tons  were 
raised  in  1859  and  1860 ;  for  nine  years  subsequently  the  stone 
appears  to  have  been  unworked,  but  from  1869  to  1881  the  quan- 
tity varied  between  1,233  tons  (in  1879)  and  56,536  tons  (in  1872). 
After  1881  the  returns'  were  included  with  those  of  Rutland. 
The  output  for  the  year  1917  was  434,435  tons,  showing  a  striking 
increase  over  the  figures  for  1900. 


Local  Details,  Analyses,  etc,  of  Marlstone  Ores. 

Lincolnshire.     By  C.  B.  Wedd. 

The  most  northerly  workings  of  the  Marlstone  ore  in  Lincolnshire  are  those  of 
Mr.  E.  P.  Davis  (Bennerley  Furnaces)  at  Fulbeck.  The  ironstone  is  being  worked 
westward  from  the  railway  east  of  Fulbeck.  towards  its  outer  edge.  The  general 
section  in  the  pit-face,  which  has  a  length  of  900  feet,  is  :- — 

Ft.  Ins. 
Cover. — Soil   and    rubble    of    calcareous    ironstone :     thickness 

2  ft.  6  ins.  to  5  ft average     3      0 

Ironstone. — Fissile  and  partly  current- bedded,  more  or  less  oolitic 
ferriferous  limestone,  weathering  light  yellowish-brown,  some 
of  it  blue-hearted  :   abundant  Terebratula  ...         thickness     3       0 

More  massive,  less  calcareous,  oolitic  ironstone,  of  a  deeper 
yellowish  brown,  -when  weathered,  but  in  part  bin e-h carted  : 
generally  hard,  but  some  of  the  lower  part  softer  and  more 
weathered      ...  ...  ...  ...         ...  ...  ...  ...     3       0 

1  'Geology  of  the  Country  around  Woodstock,  Oxfordshire'  {Mem.  Oeol. 
Surr.),  1859,  pp.  10-12. 

2  '  Geology  of  the  Country  round  Banbury,  Woodstock,  Bicester,  and 
Buckingham  '  (Mem.  Geol.  Surv.),  1864,  p.  6,  footnote. 
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The  two  parts  of  the  ironstone  are  sharply  separate  I  :   the  a  pper  part  evidently 
represents  a  limestone- bed  more  durable  than  usual  in  the  Marlst  me  ore.  an 
absorbent  of  iron.     The  whole  bed  as  worked  m  tin  tains  a  thickness  of  about 
throughout  the  working.    The  cover  is  removed  and  the  ntirelyby 

Hand,  the  harder  basal  part  being  blasted.  The  ore  is  worke  I  ill  two  lifts,  etch  of 
3  feet,  classified  as  '  limy  '  and  '  bottom  stone/  which  are  loa  Le  I  separately  and 
mixed  afterwards  according  to  requirements.     The  following  -    show  the 

general  character  of  the  ore,  the  first  a  rough  analysis  giving  apparently  the  .eneral 
composition  of  the  uppsr  and  lower  parts  respectively,  the  second,  an  analysis 
of  the  whole  ironstone- bed  mixed  : — ■ 

I.  IT. 

per 

Iron  

Silica 

Alumina    ... 
Lime 
Phosphorus 

Loss  on  calculation 

The  whole  output  goes  t )  Mr.  Davis's  Bennerley  and  Erewash  furnaces 
(Derbyshire — Notts)  and  is  mixed  with  his  Northampton  Ironstone  from  Gedding- 
ton  (Northants).  The  lower  part  of  the  Fulbeck  bed  is  calcined  at  the  furnaces, 
but  the  upper  part  is  used  without  calcination  as  ferric  lime  for  fluxing. 

The  Yorkshire  Iron  C  impany  formerly  worke  1  the  Fulbeck  ir  iustone  on  the 

east  side  of  the  railway  up  to  the  outcrop  of  the  overlying  Upper  Lias  clay,  under 
which  it  was  found  that  the  ore  soon  ceased  to  be  profitable.  In  this  old  working 
the  general  section  was  :'- — 

Ft. 

Cover  (Upper  Lias  clay) about       9 

Ironstone ...         about       9 

Tne  upper  part  of  the  ironstone  was  very  pjor,  but  the  lower  part,  oolitic,  of  a 
bluish-grey  colour  and  earthy-looking  was  of  rather  better  quality  than  its 
appearance  suggests. 

The  same  Company  a  Is  <  worked  out  all  the  ground  west  of  the  railway  between 
the  present  Fulbeck  and  Caythorpe  pits. 

Mr.  Walter  Burke  works  the  Marlstone  ore  at  Caythorpe,  east  of  the  village 
and  chiefly  on  the  west  side  of  the  railway,  south  of  the  station  ;  but  has  recently 
re-opened  a  small  pit  on  the  east  side  of  the  railway. 

Most  of  the  ground  between  the  railway  on  the  eastand  theroad  from  Caythorpe 
to  Nonnanton  on  the  west  lias  already  been  exhausted  ;  but  at  the  south  end  of 
this  tract  the  remaining  stone  hi  the  angle  between  the  road  and  the  railway  is 
now  being  got.  There  the  No.  1  Town-end  pit  is  now  working  northward,  to  finish 
B  small  remnant  on  that  side;  while  a  larger  area  remains  to  the  southward. 
West  of  the  road  Mr.  Burke's  leases  extend  about  half  a  mile  s  tuthward  and  s  mth- 
westward  from  Frieston  village  No  part  of  this  considerable  area  has  yet  been 
worked,  except  a  tract  of  9 — 10  acres  close  to  the  railway.  The  small  opening  on 
the  east  side  of  the  railway  is  being  extended  in  a  north-easterly  direction.  The 
average  thickness  of  both  (.over  and  ore  in  Mr.  Burke's  workings  is  7  H'eet. 

About  the  middle  of  the  working-face  in  No.  1  Town-end  pit  blue  sandy  clay 

Of  tin-  Middle  Li. is  below  the  ironstone  rises  antielinally  for  a  few  vards.  s  .  that  only 
,'    :i  foot  of  ironstone  remains  above  it       A  sho'rt  distance  farther  west  the 
1  face  '  showed  : — 

Ft. 

Sandy  soil up  to  4 

(ilaeial  Band  with  ironstone-gravel  at  the  h  Ut  >m.  On  an  uneven  sur- 
face of  ironstone  ...  ...  ...  ...  ...  ...2ft.  to  3 

MaHatone  '>re — 
Thin-bedded  brown  oolitic  ironstone  with  few  blue  cores...  about  6 

lllninchomlbi  Utrahtdra  and  Tinbratuli  punctata  are  there  abundant  in  the 
ironstone. 


1  From  the  Ministry  of  Munitions. 
Vol.  xii. 


126  MARL  STONE    ORES. 

In  the  pit  recently  re-opened  east  of  the  railway  the  ironstone-bed  is  sub- 
divided thus : — 

Ft.  In. 
Fine  small  ore      ...         ...         ...         ...         ...         ...  about     3     0 

Limy  bed,  generally  present,  but  variable      ...         ...  1  ft.  6  ins.  to     0     6 

Brown  stone         ...  ...  ...  ...  ...  ...  ...  about     1     0 

Blue  stone  at  bottom      about     3     0 

The  whole  thickness  is  now  used  ;  but  it  is  stated  that  twelve  or  fifteen  years 
ago  the  bottom  blue  bed  would  not  have  been  worked. 

In  this  pit,  at  a  point  about  310  yards  south  of  the  railway-bridge  by  which  a 
road  crosses  the  railway  north  of  Caythorpe  Station  and  68  yards  east  of  the 
railway  a  disturbance  of  the  strata  was  encountered.  The  ironstone  terminates 
abruptly  against  and  is  partly  thrust  over  Upper  Lias  clay  on  the  west,  with  a 
sharp  but  uneven  junction,  and  it  is  said  that  the  disturbance  has  been  proved  at 
intervals  for  a  quarter  of  a  mile  south-westward,  where  it  crosses  the  line  of  the 
railway.  It  is  clearly  due  to  a  thrust-movement,  either  of  deep-seated  origin  or 
possibly  attributable  to  ice-action. 

The  ore  is  got  partly  by  steam-navvy,  partly  by  hand,  in  separate  lifts.  It  is 
classified  into  '  limy  '  and  '  siliceous  '  varieties.     Analyses  are  as  follows  : — 


I.i 

II.1 

in.2 

(sili- 

(limy) 

(limy) 

ceous) 

per  cent. 

per  cent. 

per  cent. 

Iron 

...     28-43 

9100 

27-85 

Iron  (dried  at  100°  C.) 

...     33-50 

[21-96] 

30-61 

Silica          

...     1700 

8-90 

7-65 

Alumina    ... 

— 

5-76 

3-98 

Lime 

...       300 

20-41 

15-47 

Magnesia  ... 

— 

•37 

•98 

Manganese 

— 

•27 

•33     (MnO) 

Sulphur     ... 

— 

•12 

•249   (SOs) 

Phosphorus 

— 

•16 

•355 

Moisture    ... 

...     1515 

1350 

900 

Loss  on  ignition  ... 

— 

22-91 

— 

The  output  is  sold  in  the  raw  state  ;  it  is  mainly  a  calcareous  ore,  and,  as  such, 
is  mixed  with  siliceous  Northampton  ore. 

It  is  believed  that  practically  all  the  workable  ore  has  been  got  between 
Norman  ton  and  Carlton  Scroop,  where  Mr.  Burke,  Mr.  E.  P.  Davis,  and  the  York- 
shire Iron  Co.,  have  all  worked  it  in  former  years,  and  that  in  fact  no  good  stone 
remains  between  Mr.  Burke's  ground  south  of  Caythorpe  and  the  neighbourhood 
of  Honington. 

The  Stanton  Ironworks  Company,  Ltd.,  have  workings  in  the  Marlstone  ore 
at  Honington  and  Barkston,  their  two  quarries  being  separated  by  a  shallow 
depression  in  which  the  width  of  outcrop  of  the  ironstone  is  reduced  to  a  minimum 
and  along  which  the  Company's  railway- siding  runs. 

Li  the  northern  or  Honington  pit,  working  eastward  with  a  working-face 
900  feet  in  length,  the  cover  varies  up  to  8  feet,  including  a  little  Upper  Lias  clay  ; 
the  ironstone  averages  8  feet  or  9  feet,  and  is  fairly  uniform  hi  quabty,  except  that 
it  becomes  more  calcareous  eastward  under  increasing  cover.  The  ore  is  a 
yellowish -brown  and  blue  highly  calcareous  oolitic  ironstone,  thin-bedded,  with  a 
good  deal  of  cross- bedding.  The  upper  half,  which  is  thinner- bedded,  is  regarded 
as  of  rather  better  quality  than  the  lower,  in  which  there  is  a  large  proportion  of 
blue  cores.  In  fact,  at  the  north  end  of  the  pit,  the  lower  half  consists  almost 
entirely  of  blue  stone. 

In  the  Barkston  pit,  which,  rising  to  slightly  higher  ground,  is  working  east- 
ward and  being  extended  southward,  with  a  working-face  now  about  900  feet  in 
length,  the  thickness  of  ironstone  averages  only  5  feet  or  6  feet,  owing  to  denuda- 
tion at  the  north  end  :  but  the  full  thickness,  under  2 — 3  feet  of  Upper  Lias  clay, 
shows  9  feet  of  ore,  thicker- bedded  and  with  less  cross- bedding  than  hi  the 
Honington  pit.  It  is  rather  hard,  with  a  certain  proportion  of  blue  cores  throughout 


1  From  the  Ministry  of  Munitions. 

2  From  Mr.  Walter  Burke. 
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except  in  the  upper  2  feet.  At  several  horizons  there  .re  bands  and  clusters  of 
Rhynchonella  letrahedru  and  Ttrebmtula  punctata.  The  ore  is  considered  rather 
better  than  that  of  the  Honington  pit. 

All  work  is  done  by  hand,  and  the  whole  thickness  oi  ore  is  worked  together. 
From  the  Barkston  pit  the  tubs  are  carried  by  gravitation  down  to  the  railway 
siding:   from  the  Honington  pit  they  are  drawn  bj  horse-power. 

An  analysis1  of  the  Honington — Barkston  ore  is  appended  : — 

•  :n. 

Per  cent. 

Iron 223 

Silica              99 

Alumina        ...          ...          ...          ...          ...          ...  62 

Lime .*         230 

Magnesia      ...        ...        ...        ...        ...        ...  '6 

Manganese  oxide     ...         ...         ...         ...         ...  "55 

Phosphorus  pentoxile        ...         ...         ...         ...  '55 

Moisture        9-9 

Workable  ironstone  has  been  proved  north-eastward  from  the  Honington  pit 
for  about  half  a  mile  on  both  sides  of  the  road  to  Ancaster. 

Farther  south,  a  small  pit  in  Harrowby  Lane-  about  two-thirds  of  a  mile  north- 
east of  Grantham,  on  the  main  outcrop  of  the  Marlstone  east  of  the  Witham  valley, 
showed  : — 


Ft.  Ins. 


■Soil         

Rubble 

Strong  rubble  ... 

f>    1        )  •"•ron  concretions 
*       (.  Brown  marly  stone 
Brown  and  blue  clay 


1 

10 

1 

2 

1 

4 

5 

4 
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H 

4 

0 

[ironstone]  9     5  J 


Two  analyses  made  in  1 892  of  this  ironstone  gave  : — 

I.  II. 

(5  ft.  4  in.  bed  ?  )  (Whole  thickness.) 

Iron        2306  169 

Silica      12-38  21-16 

Alumina"  ...        ...  12  :»2  — 

Lime      ...         ...         ...  15*05  — 

At  the  north-east  end  of  the  main  Leicestershire  iron  Held  the  Stanton  In  n- 
works  Company  have  important  workings  at  Woolsthorpe,  Denton  and  Ha  I  - 
where  their  leases  make  practically  one  continuous  area  on  both  sides  of  the 
county  boundary  :  but  this  area  is  divided  on  the  east  side  northward  of  Denton 
by  a  valley,  on  the  flanks  of  which  erosion  lias  remove  I  the  workable  ore  for 
some  distance. 

A  large  tract  lias  been  exhausted  on  the  Lincolnshire  side  in  the  Company's 
Woolsthorpe  Lease,  which  has  been  worked  continuously  for  36  years:  but  a 
further  considerable  tract  remains  practioally  untouched  on  that  side  of  the 

county  boundary  ID   Denton   Park,  south  of  the  road  from  Denton  to  Harston. 

•"  On  the  whole  the  workings  north  of  the  road  [mainly  in  Lincolnshire]  are 
in  the  soft  thoroughly  decalcified  ore  in  which  areas  ol  poor  stone  arc  rare.  With 
the  exception  of  two  trilling  faults,  having  a  genera]  Iv — W.  course,  ill  the  S  W 
part  of  the  workings,  the  ironstone  beds  are  practically  undisturbed.  Hie 
thickness  of  the  ore  varies  between  6  Eee<  and  H>  feet,  Narrow  channels,  tilled 
with  sand  and  rabble,  are  occasionally  encountered,  but  these  rarely  cut  out  the 

entire  thickness  of  the  si  me."8 

In  the  Woolsthorpe  tract  only  the  Duke's  pit.  about  three-quarters  of  a  mile 
north-east  of  Harston,  is  now  working  within  Lincolnshire.     The  average  thickness 

1  From  the  Ministry  of  Munitions. 

-  The  section  and  analysis  are  from  Mr.  H    Preston.  P.G  3 

Qeology  of  Melton  Mow  I  ray  '  |  Mem.  Qtol.  Surr.),  1909,  p.  94. 
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of  cover  there,  consisting  of  soil  and  disintegrated  ironstone,  is  3  feet  8  inches, 
while  the  ironstone,  a  brown  well- weathered  oolitic  ore,  averages  6  feet. 

''  In  the  workings  south  of  the  Denton  road  the  ore  is  a  hard  compact  rock, 
best  described  as  a  ferruginous  limestone,  ...  of  low  grade,  but  cheaply  got 
and  locally  free  from  deleterious  ingredients."1 

On  the  west  side  of  Denton  Park  west  of  Denton  village  the  cover  averages 
4  feet  and  the  ironstone  10  feet,  with  some  blue  beds  of  good  quality. 

The  following  analyses-  represent  the  composition  of  the  Marlstone  ores  of 
the  Duke's  pit  and  Denton  Park  : — 

Ore  dried  at  100 '  C. 


Duke's  pit. 

Denton  Park 

I. 

II. 

Per  cent. 

Per  cent. 

Iron 

... 

3500 

3700 

Silica 

1680 

12-30 

Alumina 

10-71 

10-98 

Lime 

200 

2-30 

Magnesia 

101 

•72 

Manganese  oxide  (MnO) 

•41 

— 

Sulphur  trioxide  (SO,) 

•31 

— 

Phosphorus 

pentoxide 

(PoO,) 

•89 

•52 

Moisture 

'in  moist  stone 

)       16-32 

1966 

Leicestershire  :    By  C.  B.  Wedd. 

On  the  Leicestershire  side,  the  north-east  part  of  the  Stanton  Company's 
Harston  ground,  east  of  that  village  and  westward  of  Denton  Park,  has  been 
worked  out ;  but  a  considerable  area  of  weathered  ore,  in  part  however  rather 
calcareous,  with  clusters  of  Rhynchonella,  remains  on  the  north  side  of  Harston. 
Under  4  feet  of  cover,  it  has  a  thickness  of  9  feet. 

East  of  Harston  the  more  calcareous  ore  on  the  south  side  of  the  Denton  road 
has  for  the  most  part  been  exhausted  ;  but  a  large  intact  area  of  similar  ore 
remains  on  the  south-west  side  of  the  village. 

The  limy  ore  of  Harston  has  the  following  composition3  : — ■ 

Ore  dried  at  100   C. 


I. 
Per  cent. 

II. 

Per  cent. 

Iron 

28-2 

25 

Silica      

11-4 

10 

Alumina 

10  04 

Lime 

13-2 

15 

Manganese  oxide  (MnO) 

•46 

— 

Sulphur  trioxide  (SO.,) 

•22 

— 

Phosphorus  pentoxide  (P.jOs 

)                  -62 

•77 

Moisture  (in  moist  stone) 

186 

— 

The  cover  in  the  Woolsthorpe  and  Harston  workings  is  removed  by  hand  ; 
the  ore  is  worked  partly  by  hand  and  partly  by  steam-navvy.  There  is  no 
treatment  of  the  ore  at  the  pits  and  no  calcining  is  done  there. 

The  small  remnants  of  surface-ore  on  the  high  ground  in  Belvoir  Park  are 
regarded  as  too  thin  to  be  worth  working. 

The  next  workings  south-westward  are  those  of  the  Waltham  Iron  Ore 
Company,  Ltd.  (owned  by  the  Staveley  Coal  and  Iron  Co.,  Ltd.,  and  Messrs. 
James  Oakes  &  Co.,  Ltd.),  who  have  a  large  working-area  extending  northward 
and  north-westward  from  the  north  end  of  Branston  to  the  outer  edge  of  the 
ironstone-outcrop  on  the  top  of  the  Marlstone  escarpment. 

Except  on  the  east  side,  east  of  the  road  from  Branston  north-westward  to 
Barkston,  nearly  all  this  area  is  worked  out.     About  three-fifths  of  the  large  area 

1     Geology  of  Melton  M  -wbray'  (Mem.  Geol.  Surv.),  1909,  p.  94. 

-  From  the  Ministry  of  Munitions. 

3  Analyses  from  the  Ministry  of  Munitions. 
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of  exhausted  ground  on  the  north-west  side  of  Branston,  as  shown  on  the  map 
(PI.  V),  belongs  to  the  Walthara  Company,  the  remaining  south-western  part 
to  the  Holwell  Company. 

The  Waltham  Company  have  three  pits  now  working  : — 

Average 
thickness 
of 
Name  of  pit.  Situation,  eto.  ironstone. 

It.    in. 

(a)  <  Jreen  Lane  ...     Working  out  a  small  remnant  <if  ore  on  the         ^    " 

outer  edge  of  the  outcrop,  at  the  junction 
of  the  Waltham  Co. 's  ground  with  that  of 
the  Holwell  Co. 

(b)  Long  Hole  ...         ...     Working  westward  a  little  to  north  of  the         5     6 

above,  with  a  'face  '  2,640  feet  in  length, 
in  an  isolated  remnant  of  no  great  extent, 
on  the  outer  part  of  the  outcrop. 

(c)  New  or  Bolton's    ...     Working  north-eastward,  on  the  north-east        3     6 

side  of  the  worked  area,  south  and  east  of 
the  intersection  of  the  roads  to  Branston 
and  Eastwell. 

There  is  also  a  small  area  not  yet  worked,  with  an  average  thickness  of 
probably  less  than  3  feet  on  the  south-east  side  of  the  Eastwell  road,  in  the 
middle  of  the  worked  area. 

All  the  ground  worked  is  in  a  more  or  less  denuded  tract  of  surface-stone. 
In  the  eastern  part  of  the  area  indicated  on  the  map  as  worked  out,  south- 
eastward from  the  Eastwell  road,  a  considerable  proportion  of  the  ground  was 
found  to  contain  no  workable  stone,  so  that  the  average  thickness  of  ironstone 
obtained  on  that  side  must  have  been  small.  It  is  believed  that  practically  no 
more  workable  ore  remains  there,  except  the  small  patch  of  thin  ore  mentioned 
above,  and  a  small  area  of  thicker  stone  along  the  south-west  side  of  the  road  to 
Branston. 

Future  working,  after  the  exhaustion  of  the  present  pits,  will  proceed  north- 
eastward, from  Bolton's  pit  and  a  southward  extension  of  it,  for  at  least  a  quarter 
of  a  mile,  on  the  north-east  side  of  the  road  to  Branston.  There  ironstone,  up 
to  4  feet  5  inches  in  thickness,  has  been  proved  over  a  considerable  area,  and  is 
locally  somewhat  more  calcareous  than  elsewhere. 

There  is  no  cover  of  Upper' Lias  and  practically  none  of  boulder-clay.  But 
in  Long  Hole  pit.  in  which  the  three  or  four  feet  of  cover  consists  for  the  most 
part  of  soil  and  disintegrated  ironstone,  some  part  of  this  contains  remnants  of 
weathered   boulder-cla v  mixed   with  the  soil. 

The  ironstone  is  for  the  most  part  a  well-weathered  brown  oolitic  ore.  with 
a  small  proportion  of  bine  unw  eatherei!  and  e;'  Icareous  cores  in  the  thicker  stone 
of  the  (ireen  Lane  pit.  That  of  the  other  two  pits  is  less  calcareous,  softer  and 
smaller. 

The  following  analyses'  represent  the  composition  of  the  Waltham  Company's 
ironstone,  the  ore  from  the  three  pita  being  evidently  mixed  for  use  before 
ana  lysing  : — 

Ore  a.3  received. 

I  II.  III. 

Pel  rent.  Per  cent.  Per  cent. 

Iron       25*47  27-48  27-69 

Iron  (dried  at  LOO    C.)         ...  tfi  [37- IS]  $800 

Silioa     12-41  1397 

Alumina           9-30  9-45 

Lime      204  L-60  1-36 

Magnesia           ...        ...        ...  "44  '75  28 

Manganese  oxide        ...        ...  '33  -20  — 

Sulphur              12  18  10 

Phosphorus       ...          ...          ...  "29  _">  •  2li 

Moisture           27-(  26-63  43 

Loss  on  ignition          1  -•  84  —  10*51 

1  Prom  the  Ministry  of  Munitions. 
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All  work  is  done  by  hand,  without  blasting.  Formerly  the  few  calcareous 
and  shelly  cores  were  rejected,  but  of  recent  years  they  have  been  included.  In 
the  Long  Hole  pit,  weathered  and  broken  ironstone  is  saved  from  the  cover, 
when  practicable,  but  kept  separate. 

The  Holwell  Iron  Company's  Eaton  workings  adjoin  the  south  side  of  the 
Waltham  Company's,  only  a  narrow  lane  (Green  Lane)  intervening.  Their 
leasee  extend  southward  to  Eaton  and  somewhat  beyond. 

There  are  four  pits,  of  which  three  were  working  in  1917,  as  follows  : — 

Average 
Situation,  etc. 


Name  of  pit. 
(a)  Duke  of  Rutland's 


(b)  Burst's 

(c)  Bestall's 


(d)  Ropeway  .. 


Both  situated  north-west  of  the  / 
Eastwell  Road  and  between  Green 
Lane  on  the  north  and  the  nearly 
parallel  Eaton  Road  on  the  south  ; 
Duke's  pit  being  the  northern  and 
Hurst's  the  southern  half  of  this 
ground,  which  includes  the  greater" 
portion  of  the  Holwell  Co.'s  part  of 
the  exhausted  area  shown  on  the 
map  ;  both  pits  are  working  west- 
ward from  this  exhausted  area 
. ./  towards  the  outcrop 

South-east  of  the  Eastwell  Road  : 
working  southward  from  the  north 
side  at  the  Branston  Road  ... 

^  mile  due  south  of  Eaton  village 
(not  working  in  1917) 


thickness  of 
ironstone. 
Ft. 


11 


in. 

0 


12 


The  average  thickness  of  cover  in  these  workings  is  5  feet,  consisting 
mainl}  ot  soil  and  weathered  ironstone.  The  ironstone  is  for  the  most  part  a 
brown  weathered  oolitic  ore,  except  in  the  lower  part  which  contains  blue 
cores,  and  is  harder  and  more  calcareous.  During  the  last  ten  years  a 
greater  thickness  of  ironstone  has  been  worked  than  previously,  by  taking 
some  4  feet  of  lower  stone,  which  used  to  be  left  as  too  calcareous  for  use. 
Thus  in  Bestall's  pit,  opened  somewhat  recently,  the  Holwell  Company  are 
working  3  or  4  feet  of  lower  stone  than  the  Waltham  Company  worked  years 
ago  on  the  other  side  of  the  Branston  road,  or  than  they  themselves  worked 
in  a  large  part  of  the  Duke's  and  Hurst's  pits.  Since  the  ground  is  agri- 
cultural, it  is  not  likely  to  be  worked  over  again  to  recover,  these  lower  beds. 

All  work  is  done  by  hand.  The  soft  less  limy  stone,  mainly  of  the  upper  beds, 
is  loaded  separately  ;  the  intermediate  or  '  semi-limy  '  and  the  more  thoroughly 
calcareous  beds,  which  cannot  readily  be  separated,  are  loaded  together,  all  beds 
now  being  used  down  to  the  underlying  sandstone.  There  is  no  farther  treatment 
of  the  ore  at  the  pits,  and  no  calcining  is  done  there. 

The  following  are  analyses  of  the  Holwell  Company's  Eaton  stone  :— 


Ore  as  received. 

Ore  dried  at 

100- 

C. 

I.1 

II.  i 

III.- 

IV.2 

(siliceous 

(limy) 

( siliceous) 

(limy) 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

Iron    ... 

...       28-  5 

22-59 

3680 

29-73 

Silica 

...       120 

10-3 

14- 7.'. 

12-35 

Alumina 

— 

— 

11-85 

8-36 

Lime  ... 

224 

101 

3-66 

1212 

Magnesia 

— 

— 

•78 

•82 

Manganese 

— 

— 

•37 

•36 

Sulphur          

— 

— 

07 

•07 

Phosphorus  

•7 

•78 

•41 

•36 

Moisture        

— 

— 

— 

— 

Loss  on  calcination 

— 

— 

14-90 

23-50 

1  From  the  Ministry  of  Munitions. 

2  From  the  Holwell  Iron  Co.,  Ltd. 
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All  the  Holwell  Company's  Eaton  stone  goes  to  their  furnaces  at  Asfordby, 
near  Melton  Mowbray. 

The  Basic  Ironstone  Company,  Ltd.,  are  working  the  Marlst  me  ore  less  than 
half  a  mile  south-west  of  Eaton,  where  they  began  operations  only  two  or  three 
years  ago.  Their  pit.  with  a  working-face  660  feet  in  length.1  works  northward 
from  the  north  brow  of  the  Devon  valley,  on  the  west  BQ  le  of  the  mineral  railway. 

The  east  end  of  the  working  is  practically  free  fr<  <■  butt  High  boulder- 

clay  sets  in  a  little  farther  west  and  increases  to  22  feet  at  the  west  end.  An 
outlier  of  Upper  Lias  clay  occurs  a  little  farther  north,  but  there  is  none  in  the 
working-face,  and  the  ironstone,  regarded  as  a  calcareous  ore,  is  not  much  more 
calcareous  under  the  great  thickness  of  boulder-clay  at  the  west  end  than  it  is  at 
the  east  end.  Consequently  the  enrichment  by  weathering  was  largely  effected 
befor  ■  •  h  •  final  glaciation. 

Tne  ore  varies  from  12  feet  to  16  feet  in  thickness  with  an  average  of  13  feet. 
It  is  on  the  whole  a  brown  more  or  less  weathered  oolitic  ore,  with  a  rather  small 
proportion  of  blue  cores  in  the  lower  beds  ;  but  some  other  be  Is  are  highly  cal- 
careous and  there  are  frequent  alternations  of  br  )\v\\  densely  oolitic  weathered  ore 
with  limy  bands,  the  upper  half  being  considered  rather  more  eUeareous  than  the 
lower.  The  ironstone  breaks  on  waking  into  fairly  large  blocks,  with  little  or 
no  rubbly  ore  at  the  top.  The  whole  thickness  is  worked  and  mixe  1  t  igether,*  no 
part  of  it  being  rejected.  All  work  is  done  by  hand  :  but  the  t  mgher  parts  of  the 
thick  boulder-clay,  and  some  part3  of  the  ironstone  below  it  require  blasting. 
No  calcining  is  done. 

The  following  are  analyses'1  of  the  Basic  Ironstone  Company's  Eaton  ore  : — 

Ore  as  received. 


Iron 

Iron  (dried  at  KKP  C.)        

Silica 

Alumina 

Lime 

Magnesia 

Manganese 

Snlphur 

Phosphorus       

M  n'sture  ...  ...  ... 

The  ore  is   believed   t:>  maintain   much   tne  s-.m?  quality  .north-westward 
throughout  t!ie  area  leased  by  the  Basic  Company. 

The  Eastwell  Ironstone  Company,  owned  jointly  by  the  Staveley  and  Bestwood 
Companies  and  Messrs.  James  Oakes  &  Co..  have  leases  extending  from  the  north- 
east side  of  the  Basic  Company's  ground  west  of  Eaton,  southward  and  eastward 
around  the  south  end  of  the  Holwell  Co.'s  lenses  and  thence  norl  td  as 

far  as  the  west  e;\d  of  I  in  Company's  :cept  the  small  pvrt 

immediately  wesi  of  Bal  >n.  ell  this  area,  lies  on  the  s  rath-east  side  "f  the  Devon 
Valley,  and  includes  the  village  of  Branston  ;  all  the  ground  a  retains  oaloare  his 
ore,  for  the  most  pari  bordering  on  the  outcrop  of  the  overlying  Upper  Liaa  day. 

Very    little  of   it    his  as  yet    b  •!    only  ah  nit   three  acres  having   Keen 

worked  out  on  the  south  if  the  Devon  Valley,  and  two  acres  w 

Baton 

The  Eastwell  Company's  prinoipa]  working-area  extends  from  the  west  side  of 

ell  southward  and  south-eastward  as  db]    M  rwood.     A  hr_;e 

tract  has  been  exhausted    we  I  stwelL    Most  "f  the  st  me  is 

now  got  from  tic  north-west  rivi  of  tins  tract,  in  working  norths  f  the 

villi  ge,  and  from  the  east  end.  north  oi  Qoadby  Isarwood. 

The  average  thiokness  >>t  ironstone  in  the  Company's  Eastwell  quarries  is 
9  feet  or  10  feet  .  botwoen  extremes  oi  7  feet  .mil  13  feet. 

In  tne  principal  working-face,  with  a  length  of  L,60Q  feet  on  the  west  side  "f 
Eastwell  there  is  very  little  ooi  end.  near  which  the  m  - 

1  Prom  the  Ministry  of  Munitions 

-  This  seems  not  always  to  have  l>cen  tin"  piacti 

From  the  Ministry  of  Munitions. 


I. 

II. 

(siliceous) 

(limy) 

per  cent. 
29-5 

per  cent. 
23- .') 

[3(3-42] 
117.-, 

[28-66] 
10-50 

95 

6- 15 

_  86 

10- 10 

•63 

•70 

■34 

•32 

06 

05 

•35 

•32 

1900 

1800 
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under  boulder  clay,  with  Upper  Lias  coming  in  between  a  few  yards  from  that  end. 
There  the  thickness  of  cover  amounts  to  about  15  feet,  and  is  increasing  rapidly 
eastward,  for  immediately  beyond  the  end  of  the  working  a  trial  failed  to  reach 
the  ironstone  under  27  feet  of  clay.  At  that  end  and  for  some  yards  westward  a 
belt  of  small  step-faults  running  north-westward  continues  the  line  of  similar 
step-faulting  seen  near  White  Lodge  about  a  mile  to  the  south-east.  The 
faults  are  numerous  at  short  intervals,  with  north-easterly  downthrows  of  1  foot 
— 5  feet,  nearly  compensated  by  strong  dips  in  the  opposite  direction,  so  that 
the  level  of  the  ironstone-bed  falls  gradually  eastward. 

For  a  distance  of  about  200  yards  westward  from  the  east  end  of  the  working 
at  Eastwell.  the  ironstone  is  calcareous  and  light-coloured  ;  but  beyond  that  point 
it  changes  suddenly,  and  becomes  for  the  most  part  a  thoroughly  weathered  brown 
ore,  with  black  manganese-films  on  the  joint-faces.  The  two  varieties,  respectively 
classified  as  '  black  '  and  '  limy  '  are  leaded  separately,  and  where  limy  stone 
occurs  in  the  lower  beds  in  the  western  part  of  the  working  it  is  separated  by  hand- 
picking. 

A  similar  change  to  calcareous  stone  takes  place  south-eastward  towards 
Goadby  Marwood,  but  begins  at  a  greater  distance  from  the  outcrop  of  the  Upper 
Lias,  and  comes  on  more  gradually. 

In  the  workings  at  the  south-east  end  of  the  Company's  Eastwell  leases,  north 
of  Goadby  Marwood,  the  ironstone  is  all  calcareous,  and  is  got  beneath  cover 
increasing  to  13  feet,  or  somewhat  more,  of  Upper  Lias  and  boulder-clay.  In 
one  pit  the  thick  cover  is  removed  by  steam-navvy  ;  but  all  other  work  is  done 
by  hand.  Xo  calcining  is  done.  The  following  are  analyses1  of  the  Eastwell 
Company's    ore  : — 

Ore  as  received. 


I. 

II. 

in. 

(Siliceous) 

(Siliceous) 

(Limy) 

per  cent. 

per  cent. 

per  cent. 

Iron 

25-38 

25-25 

25-8 

Iron  (dried  at  100 :  C.) 

[35-59] 

30-60 

[29-89] 

Silica 

13-68 

10-77 

9-14 

Alumina    ... 

8-69 

8-57 

8-37 

Lime 

•64 

10-64 

12-68 

Magnesia  ... 

•77 

•32 

•83 

Manganese  (oxide) 

•38 

•21 

Mi.    -34 

Sulphur 

•10 

•058 

•18 

Phosphorus 

-23 

•29 

•28 

Moisture    ... 

28-70 

17-15 

13-70 

Loss  on  ignition  ... 

14-83 

17-12 

18-98 

The  whole  output  goes  to  the  furnaces  of  the  Staveley  and  Bestwood  Companies 
and  Messrs.  Oakes. 

The  Holwell  Iron  Company's  extensive  workings  at  Holwell,  2\  miles  further 
south-wegt,  as  well  as  those  of  the  Bennerlev  Iron  and  Coal  Company  on  the  north- 
west side  of  them,  and  of  other  companies  in  the  neighbourhood  of  Holwell. 
have  all  been  closed  for  several  years.  A  large  area  was  exhausted  and  practically 
no  serviceable  ore  remains  in  all  the  ground  eastward  of  the  Stanton  Company's 
Wartnaby  workings,  except  that  about  2  acres  of  thin  ore  is  said  to  have  been 
left  at  Holwell  Mouth  on  the  outer  edge  of  the  outcrop.  The  productive  area, 
however,  was  intersected  by  the  valley  of  the  Holwell  brook  north-west  of  Holwell, 
and  was  further  cut  up  by  one  or  more  faults  in  a  general  east-and  west  direction 
which  throw  out  the  workable  stone  and  introduce  a  strip  of  barren  ground  (see 
map,  PI.  Y).  The  ironstone  showed  the  same  variations  as  in  neighbouring  tracts, 
''the  ore  being  of  the  earthy  decalcified  type  on  the  open  plateau,  and  changing  to 
a  more  calcareous  type  as  it  approaches  the  covering  clay.  .  .  The  thickness  of 
ore  increases  somewhat  irregularly  from  its  basset  edge  hi  the  vicinity  of  the 
escarpment  to  abou  1 14  feet,  where  it  passes  under  the  clay .' "-'  A  close  step-faulting 
in  a  north-westerly  direction  affects  the  ironstone  in  the  workings  on  the  east  side 
of  Holwell.  just  as  at  Eastwell  and  White  Lodge1  (a  •    above). 


1  From  the  Ministry  of  Munitions. 

Geology  of  .Melton  Mowbray'   Mem.  Oeol.  Sure).  l«Ki9.p.  95. 
3  Op.  cit.,  p.  46. 
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The  following  are  analyses  of  the  Holwell  ironstone  :- 


I.1 

II.2 

Holwell  Co. 

Stanton  Co. 

(siliceous) 

(east  of  Holwell) 

Ore  as  received. 

(limy). 
Ore  dried  at  I'm    C 

per  cent. 

per  cent. 

Iron 

32-87 

— 

Iron  (dried  at  100°  C.) 

40-60 

250 

Silica          

10  04 

12-0 

Alumina    ... 

8-37 

— 

Lime          

1-17 

20  0 

Magnesia 

108 

— 

Manganese  (protoxide)    . 

•46 

— 

Sulphur     

03 

— 

Phosphoric  acid 

•57 

•6  (Phosp 

Moisture 

19-02 

— 

Loss  on  calcination 

12-18 

— 

The  Stanton  Ironworks  Company's  Wartnaby  ground  comprises  all  the  ironstone 
area  on  the  south-west  side  of  the  road  that  runs  north-west  from  Melton  Mowbray 
and  passes  half-way  between  Holwell  and  Wartnaby.  Nearly  all  this  area  is 
now  worked  out ;  but  four  comparatively  small  tracts  of  ore  remain  to  be  got  and 
are  now  being  worked  at  the  following  pits : — 


Name  of  Pit.  Situation,  etc. 


Average 

thickness 

of  cover. 

Ft.  In. 


Average 

thickness 

of  ironstone 

Ft.  In. 


No.  3  ...     On  the  north  side  of  Wartnaby  village  west 

of    the    road    running    north    from    the 

village:    works  southward  ...         ...       4     6  9    0 

New  On  the  east  side  of  the  same  road,  a  little  (remaining  ore) 

Bingham  farther  north  ...  ...  ...  ...       4     6  70 

No.  2  ...     Near  the  on1  er  edge  of  the  outcrop,  north  of       4    0  3     6 

New  Bingham,  and  of  the  road  running 

E.X.E.   to   Eastwell:  a  narrow  remnant 

left  between  old  workings  north  and  south 

of  it ;  works  southward    ...        ...        ...      4    0  3    6 

No.  4  ...     North  of  the  Eastwell  road,  farther  west: 

recently    re-opened    to    work    a    larger 
s      remnant:    works  southward        ...  ...        thin  thin 

Of  the  remaining  patches  of  ironstone  worked  from  the  above  pits,  that  of  No.  2 
pit  is  too  small  to  show  on  the  map  |  PI  V).  That  of  No.  '■>  pit  is  the  most 
important :  the  ore  there  worked  is  a  fine-grained,  densely  oolitic,  brown  Btone 
well  weathered  and  decalcified,  without  any  blur  cores,  all  shells  being  dissolved  : 
it  is  fairly  soft,  but  firm  and  massive  :  joints  are  coated  with  black  mang 
oxide.  The  cover  consists  of  soil  and  tough  reddish  loamy  day  Full  of 
lamps  and  fragments  of  ironstone,  with  occasional  irregular  patch 
yellow  cl.i\  near  the  bottom,  the  whole  beillg  a  sort  of  boulder-clay  in  winch 
ironstone  and  the  overlying  clay  are  kneaded  togetb  er. 

In  No.  2  pit  the  cover  is  practically  all  broken  ironstone  mixed  with  Boil. 
The  ore  is  similar  in  appearance  to  that  of  No.  :!.  but  is  probably  more  sandy, 
being  merely  the  basal  part  of  the  ironstone,  and  is  said  to  be  not  bo  good  as 

i  hat  ^(  No-  :;. 

In    the   Other    two    pit>    the    ironstone    is    all    well-weathered    brown    ore 
w  itliout  any  blue  core-. 
All  work  is  done  by  hand,  the  whole    thickness    of   ironstone  present  being 

worked  and  mixed  together,  down  t>>  the  underlying  sandstone.     Nothing  is 

rejected,    exoepi    OCOasional  '  clay-baoks '  or    widened    joints    tilled  with    clay. 
Broken    ore    is    saved    from    the   cover    by    shaking  out     with    the    fork.       N 
calcining  is  done. 

1  Reprinted  from  op,  cii..  p.  92,  and  supplied   originally  by  Mi.  K.  Dalgliesh, 

of  the  H'olu  ell   Iron  (  .>. 

-  From  the  Ministry  of  Munitions. 
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The  following  are  analyses1  of  the  ore. 

Ore  dried  at  100°  C. 


I. 

II. 

New  Bingham 

Pit. 

Siliceous) 

(Siliceous) 

Per  cent. 

Per  cent. 

33  0 

38-8 

14  0 

160 

— 

8-0 

5-0 

1-4 

— 

1-3 

— 

•49 

— 

•18  (SO,) 

•5 

•62  (P265) 

— 

16-0 

Iron    ... 
Silica 
Alumina 
Lime  ... 

Magnesia       ...         

Manganese  (oxide) 
Sulphur 
Phosphorus  ... 
Moisture 

Borings  for  some  distance  westward  of  the  worked  area,  where  the  Marlstone 
is  overlain  by  boulder-clay,  failed  to  find  profitable  ironstone. 

The  Stanton  Company  for  the  past  five  or  six  years  have  been  getting  the  Marl- 
stone  ore  at  Tilton  some  miles  farther  south,  on  the  east  side  of  the  village, 
north  of  the  station.  There  the  southern  part  of  the  small  exhausted  area  was 
worked  out  some  years  ago  by  another  company  and  the  Stanton  Company  are 
working  northward,  on  which  side  there  is  probably  a  considerable  area  of  good 
surface-stone. 

The  ironstone  occupies  a  ledge  there  of  no  great  width  between  the  escarpment 
of  the  underlying  sandstone  in  the  valley  below,  along  which  the  railway  runs, 
and  the  spur  of  a  hill  on  the  west  in  which  the  Upper  Lias  rises  rather  steeply 
to  a  capping  of  gravel  and  boulder-clay.  On  approaching  the  steeper  slope  the 
ironstone  passes  under  a  gradually  increasing  cover  of  Upper  Lias  clay. 

The  working-face,  extending  right  across  the  outcrop  to  the  foot  of  the  hill  on 
the  west,  has  a  length  of  900  feet.  The  thickness  of  ore  worked  increases  west- 
ward from  5  feet  to  about  9  feet  with  an  average  of  about  7  ft.  6  in.;  and  the  cover 
increases  from  about  2  feet  of  ironstone  rubble  and  soil  at  the  east  end  to  13  feet 
of  Upper  Lias  clay  at  the  west  end   with  perhaps  a  remnant  of  boulder-clay. 

At  the  top  of  the  ironstone,  where  the  full  thickness  is  present,  there  is  a  6-inch 
bed  of  creamy  white  calcareous  and  ferriferous  oolitic  limestone.  The  ironstone 
is  a  fine-grained  oolite  with  much  calcareous  blue  stone  under  the  Upper  Lias 
at  the  west  end,  but  for  the  most  part  brown  and  well- weathered  near  the  east  end. 
All  work  is  done  by  hand,  with  some  blasting  at  the  west  end,  where  the  stone  is 
stronger.  The  whole  thickness  is  worked  together  a  mi  all  is  loaded  together, 
cal'Auous  and  siliceous  stone  alike  There  is  no  treatment  of  the  ore  at  the 
pit,  ?nrl  no  calcining  is  done 


The  following  are  analyses1 

of  the  Tilton  ironstone  :- 

Limy  Ore. 

Mixed  Ore 

(as  received). 

(dried  at  100°  C) 

I. 

II. 

per  cent. 

per  cent. 

Iron 

230 

30  0 

Silica 

130 

15-6 

Alumina 

— 

10-8 

Lime      

170 

9-7 

Magnesia 

— 

•51 

Manganese  (oxide) 

— 

•41 

Sulphur  (trioxide) 

— 

•37 

Phosphorus 

1-0 

i-oi  (P„oo 

Moisture 



16-77 

From  the  Ministry  of  Munitions. 
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Northamptonshire:  By  J.  Prjnm.k. 

Pabkgate  Ikon  and  Steei  Co.,  Bothebham. 

Open  workings  on  north  side  of  Charwell  House  1,800  yards  X\V.  of  Char- 
welton  station  (G.C.R.). 

One-inch    New    Scries    Ordnance    map,    Sheet   201  ;     Old   Series  Geological, 
Shee    53;   six-inch  map,  Northants  49N.E. 
Latitude  52°  12' 30"  ;  Longitude   L°14'30*. 

This  property  is  in  course  of  development.  In  May,  1917,  the  ore  was  won  from 
a  small  working  face  which  ahowed  yellowish-brown  oolitic  ironstone  with  long 
narrow  bluish-green  cores,  crowded  with  crinoidal  fragments.  4  to  6  ins.  thick. 
underlain  by  1  ft.  of  brown  sandy  clay  with  numerous  flattened  nodules  (not 
worked ) . 

The  ironstone  varies  in  thickness  from  3  to  8  ft.  in  the  property  owned  by  this 
company.  The  estimated  workable  area  which  includes  ground  passing  under 
cover  up  to  25  feet  contains  between  3,000,000  and  4.000,000  tons.  The  following 
is  an  analysis  of  the  raw  stone  : — 

Per  cent. 
Iron  as  received       ...         ...         ...         ...         ...         24*10 

Iron  (dried)  28-47 

Silica  ...         ...         ...         ...         ...         ...  ~>"s 

Alumina        ...         ...         ...         ...         ...         ...  6'70 

Lime L5'36 

Manganese  oxide     ...         ...         ...         Nil. 

Sulphur         "013 

Phosphorus  ...         ...         ...         ...         ...         ...  "341 

Moisture        15-36 

Loss  on  ignition       ...         ...         ...         ...         ...         18-50 

The  stone  is  loaded  direct  by  steam-navvy  into  trucks  conveyed  over  a  branch 
line  to  the  Great  Central  line  at  Gharwelton  and  thence  to  Rotherham. 

NOKTHAMPTONSHIRE    IkONSTONE    Co.,    BVFIKLh. 

Opencast  workings  on  N.  side  of  Stratford-upon-Avon  and  Midland 
Junction  railway,  \  mile  W.N.W.  of  Byfield  station. 

One-inch   New   Series   Ordnance    map,    Sheet    201  ;     Old   Series  Geological, 
Sheet  53  ;  six-inch  map  Northants  49  S.E. 
Latitude  52°  10'  18"  ;   Longitude  l0  15'  2". 

This  working-face  was  opened  in  May,  1915,  and  at  that  time  showed  : — 
Brownish- weathering  bluish  grey  clay       Ft.  in. 
with  a  whitish  clayey  limestone  (Fish 

TT  T .  j      Bed)  at  base -     :; 

Upper  .bias   ...  <j  gandv   00litic   marl   passing   upwards 

into    a    reddish     clay.      TiltonicertM 

^     acutum  (Tate)  abundant       0     3 

r  Brownish-weathering  oolitic  ironstone 

Middle  Lias  ( Marl-    \      with  long  narrow  bluish-green  cores 

stone  Rock-bed)    J      frequently  crowded  with  EhynehoneUa 

(_     teirahedra  (J.  Sow.) about      10    0 

The  beds  dip  in  a  south-easterly  direction  at  a  low  angle,  •■ml  are  traversed  ly 
fcwo  sets  of  vertical  joints.     An  inch  or  bo  of  the  Upper  Lias,  which  is  firmly 
welded  on  to  the  top  of  the  ironstone,  is  removed  with  it  and  used.     The  area  <<{ 
the  workings  is  limited  on  the  smith  and  cast  by  railway  and  village.    Northwards 
the  cover  disappears,  and  the  ironstone  becomes  decalcified,  but  it  retai 

reous  character  over  the  northern  part  of  the  Company's  property,  where  it 
is  now  being  opened  up.     An  analysis  shows  the  following  constituents: — 

Per 
Iron  in  ore  as  received         ...  ...  ...  ...  25'9 

[ron  in  ore  dried  at  100*  C 

Silica  ' 

Lime  ... 

Moisture        ll"08 

The  stone  is  worked  by  steam-navvy.  Loaded  direct   inl  vhed 

by  Stratford-upon-Avon  and  Midland  Junction  R 
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Northamptonshire  Ironstone  Co.,  Byfield. 

Openwork  §  of  a  mile  N.W.  of  Byfield  Station. 

One-inch  New  Series  Ordnance  map,  Sheet  201  ;  Old  Series  Geological, 
Sheet  53  ;    six-inch  map,  Korthants  49. 

Latitude  52°  10'  25".     Longitude  1°  15'  14". 

This  pit  was  opened  in  May  1915,  and  in  August,  1917,  it  showed  6  to  8  ft.  of 
soft  brown  oolitic  ironstone. 

The  rock  is  considerably  decalcified  and  thus  has  become  a  siliceous  ore. 

An  analysis,  provided  by  the  Ministry  of  Munitions,  shows  the  following  con- 
stituents of  the  raw  stone: — ■ 

Per  cent. 

Iron            3045 

Silica          10-55 

Lime          2-26 

Alumina    ...         ...         ...         4-05 

Magnesia   ...          ...          ...          ...          ...  -46 

Manganese            ...         ...  -36 

Phosphorus           ...         ...         ...         ...  -44 

Sulphur     -12 

Moisture 19-00 

Loss  on  calcination          ...         ...         ...  15-14 

The  stone  is  removed  by  steain-navvy  ;  trucks  are  loaded  alongside  the 
working-face,  and  dispatched  over  a  siding  to  Stratford-upon-Avon  railway  to 
destination. 

Alfred  Hickman,  Ltd.,  Kings  Sutton,  near  Banbury. 

Astrop  openworks  on  E.  side  of  Buston  Farm,  1 J  miles  N.E.  of  Kings  Sutton 
station. 

One-inch  New  Series  Ordnance  map,  Sheet  218;  Old  Series  Geological, 
Sheet  45 ;    six-inch  map,  Xorthants  62  N.E. 

Latitude  52°  2'  35".     Longitude  1°  15'  40". 

The  following  details  of  one  of  several  working-faces  in  the  neighbourhood  of 
Buston  Farm  may  be  regarded  as  typical : — 

Ft.  In. 
fBlue  grey  clays  with  two  thin  bands  of 

clayey  limestones  ...  ...  ...2  to  11  0 

Upper  Lias        ...  -i  Pale  creamy  oolitic  marl  passing  upwards 

into  a   soft  reddish-brown   clay  with 

[_     seams  of  dark  brown  iron-oxide         ...         0     4 1 

Middle  Lias  C  Strong    brown-weathering,    bluish-green 

(Marlstone  I      oolitic  ironstone  with  numerous  pebble- 

Rock-bed).         (_     like  concretions  in  lower  2  feet  ...         8    0 

The  beds  are  well-jointed,  and  dip  towards  the  S.S.E.  at  a  low  angle.  The 
ironstone  contains  large  green  cores  which  are  here  and  there  interlaced  with 
thin  seams  of  dark  brown  iron-oxide.  The  basal  layer  of  the  Upper  Lias  is 
firmly  welded  on  the  upper  surface  of  the  Rock  Bed  and  used  with  it.  The 
ironstone  yields  about  23  per  cent,  of  iron,  7  per  cent,  of  silica,  and  20  per  cent, 
of  lime.     The  reserves  of  the  present  workings  extend  to  about  30  acres. 

The  stone  is  quarried  by  hand,  and  carried  to  calcining  kilns  (Gyers)  which 
are  situated  alongside  the  G.  W.  main  hue.  After  calcination  the  ore  is  sent  by 
rail  to  Bilston,  Staffs. 

Oxfordshire:     By  J.  Pringle. 

Alfred  Hickman,  Ltd.,   Kings  Sutton,  neaii  Banhiky. 

Sydenham  pit  (openwork),  500  yards  south-west  of  Kings  Sutton  station. 
One-inch   New    Series   Ordnance    map,    Sheet   218;     Old    Series   Geological, 
Sheet  45  ;    six-inch  map.  Oxford  10  S.W. 
Latitude  52°  0'  52".     Longitude  1°  17'  5". 
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This  property  was  opened  in   March,   1914,  and   is  being  rapidly  developed. 

The  nit  in  August.  1017.  showed  2  to  3  ft.  of  Upper  Lias  resting  on  5  to  '.»  ft.  of 
oolitic  ironstone,  well-jointed  and  e  intaining  concretions  at  its  base. 

The  dip  is  scarcely  measurable,  except  near  a  small  fault,  'lose  to  the  fault 
there  is  a  '  gull,'  25  to  30  ft.  in  breadth,  which  is  tilled  with  a  broken  man  of  soft 
micaceous  sandstone.  The  property  extends  to  nearly  300  acres.  The  ironstone 
is  worked  as  a  calcareous  ore,  but  is  locally  siliceous,  particularly  towards  the 
eastern  end  of  the  workings.  The  raw  stone  contains  about  22  per  cent,  of  Iron. 
8  per  cent,  of  Silica,  18  to  24  per  cent,  of  Lime,  5  per  cent,  of  Alumina,  -40  j  er 
cent,  of  Phosphorus,  and  10  per  cent,  of  Moisture. 

The  rock  is  quarried  by  hand  and  conveyed  to  calcining  furnaces  which  adjoin 
the  G.  W.  railway  (Banbury-Cheltenham  branch).  After  calcination,  the  ore  is 
dispatched  to  the  Company's  furnaces  at  Bilston. 

Cochrane  &  Co.,  Woodside,  Ltd.,  Oxfoed  Boad,  Adders-toy. 

New  College  pit  (openwork)  slightly  over  J  mile  S.W.  of  Adderbury  station. 

One-inch  New  Series  Ordnance  map,  Sheet  218;  Old  Scrips  Geological, 
Sheet  45 ;    six-inch  map,  Oxford  10,  S.W. 

Latitude  523  0'  15".     Longitude  1°  19'  10". 

The  pit  is  about  300  yards  in  length,  and  shows  3  ft.  of  Upper  Lias  resting  on 
about  12  ft.  of  hard  oolitic  iron-ore  with  concretions  at  the  base. 

The  ironstone  is  approximately  horizontal,  and  is  traversed  by  numerous 
wide  vertical  joints  which  are  rilled  with  clay  washed  down  from  the  Upper  Lias. 
The  iron-ore  is  not  uniform  in  the  lower  beds,  the  distribution  of  the  small  oolitic 
grains  of  iron-oxide  being  irregular.  It  is  a  calcareous  ore,  and  is  practically  self- 
fiuxing.  The  following  analysis  of  the  raw  stone  from  this  pit  is  given  by 
Dr.  Hatch.1 

Per  cent. 
Fe  as  received      ...         ...         ...         ...         27*13 

Fedriedat  212-  F 30-90 

SiOo  9-27 

A1908        5-29 

CaO  11-08 

MgO  -08 

Mn  -09 

S 09 

P -27 

Other  constituents  ...  ...  ...  L59 

Moisture * 12-20 

O 1216 

Difference  20-15 

The  raw  stone  is  carried  by  horse-trams  to  parting  thence  by  oable  t  i  a  siding 

adjoining  G.  W.  line  for  dispatch  to  Dudley  (about  .54  miles).     Tne  reserves  are 
ample. 

CoCHEANE  &   Co.,    WoonslOE,    Ltd.,   OXFORD    ROAD,    A.DDBBBURT. 

Berryhill  pit  (open  work).  500  yards  W.S.W.  of  Adderbury  station. 

One-inch  New  Series  Ordnance  man,  Sheet  21S;  Old  Series  Geological, 
Sheet  45:  six-inch  ma  .  Oxord  l'>  S.W. 

Latitude,  62    1'30";  Longitude,]    18' 60*. 

This  section  exhibits  a  soft  well-bedded,  yellowish-brown  oolitic  ironstone, 
6ft.  thick,  but  with  base  nowhere  exposed  to  view.  The  ore  is  well-jointed  and 
more  completely  decalcified  than  that  of  the  Now  College  pit  :   the  majority  of 

the  fossils  occur  in  the  form  of  brown  earthy  oasts       The  most  recent  analysis1 
is  as  follows  : — 

1  'The  Jurassic  Ironstones  of  the  United  Kingdom — economically  considered.' 
Juuni.  Iron  and  Steel  Inst.,  vol.  xevii,  L918,  p,  !'4. 

2  Ut  sii}'rn. 
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Per  cent 

Fe  as  received          30-13 

Fe  dried  at  212°  F 37-20 

Si03  ...         ..' 9-89 

A1S03           7-04 

Cab 3-89 

MgO 0-30 

Mn      0-20 

S         003 

P        0-27 

Other  constituents  ...         ...         ...         ...         ...  1-30 

Moisture        19-00 

O        13-58 

Difference 14-37 

100-00 

The  stone  is  quarried  by  hand  and  carried  in  tubs  to  siding  adjoining  G.W.  line 
for  despatch  to  Dudley  (about  54  miles). 

COCHRANR    &    Co.,    WOODSIDE,    LTD.,    OXFORD    ROAD,   AdDEBBURY. 

Open  work  in  field,  five  furlongs  south-west  of  Adderbury  Station. 
One-inch  Ordnance  map,  ^heet  218;    Old  Series  Geological,  Sheet  45;    six- 
inch  map.  Oxford  10  S.W. 

Latitude.  52°  0    3"  ;  Longitude,  1°  18'  45". 

The  pit  shows,  under  4  feet  of  brown  soil,  soft  oolitic  ironstone  7  ft.  thick. 
The  distribution  of  the  iron  is  fairly  uniform .     The  ore  is  decalcified,  and  traversed 
by  numerous  vertical  joints.     The  working-face  of  the  pit  is  about  200  yards  in 
length,  and  there  is  a  reserve  of  between  8  and  9  acres  in  this  property. 

The  following  analysis  of   Adderbury  ironstone  is  given    by  Wilson.1      The 
locality  is  not  defined  and  the  analysis  does  not  appear  to  represent  the  character 
of  the  ore  of  the  pit  described  above : — 

Per  cent. 
Iron  peroxide  ...         ...         ...         ...         ...         30-20 

Iron  protoxide  ...  ...  ...  ...  ...  3 -40 

Alumina        ...         ...         ...         ...         ...         ...  9-10 

Lime 14-80 

Magnesia       ...         ...         ...         ...         ...         ...  -70 

Insoluble  siliceous  matter 12-20 

Phosphoric  acid        ...  ...  ...  ...  ...  "70 

Carbonic  acid  ...         ...         ...         ...         ...         1 3  -30 

Water  1560 

#  

100-00 
Metallic  iron  23*7 

Bloxuam  Ironstone  Co.,  115,  Colmore  Row,  Birmingham. 

Openwork,  near  Old  Barn  Farm,  slightly  over  1  mile  E.N.E.  of  Bloxham  Church, 
and  |  mile  N.W.  of  Milton  Halt  (G.W.R.). 

One-inch  New  Series  Ordnance  map.  Sheet  218 ;  Old  Series  Geological, 
Sheet  45  ;    six-inch  map,  Oxford  9  NE. 

Latitude  52°  1'  0".     Longitude  1  °  20 '  52". 

This  property  was  opened  up  in  May,  1918.  A  long  working-face  extend- 
ing across  the  property  showed  2  or  3  ft.  of  Upper  Lias,  resting  on  12 
to  14  ft.  of  oolitic  iron-ore  with  large  green  cores  and  a  layer  of  flattened  nodules 
at  base.  This  is  a  '  limy  '  ore  containing  from  16  to  22  per  cent,  of  iron,  about 
8  per  cent,  of  silica,  and  22  per  cent,  of  lime.  The  workings  are  connected  by  a 
siding  to  the  Great  Western  line  (Banbury  and  Cheltenham  branch),  and  ore  is 
loaded  directly  into  trucks  by  steam-navvies  for  dispatch  to  South  Wales. 

Brymbo  Steel  Co.,  Bkymbo,  near  Wrexham. 

Pvedlands  quarry,  about  A  mile  N.  of  Hook  Norton  station. 
One- inch   New  Series    Ordnance    map,    Sheet  218;     Old    Series   Geological, 
Sheet  45  ;  six-inch  nay,  Oxford  9  S.W. 
Latitude  52   0'  5".     Longitude  1   28'  15". 

1  E.  Wilson.  '  The  Lias  Marlstone  of  Leicestershire.'  Midland  Naturalist, 
vol.  viii,  1885,  p.  154. 
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The  northernmost  of  several  working-faces  on  this  property  showed,  under 
a  few  feet  of  rubhle,  oolitic  ironstone  with  large  green  cores  near  the  base,  12  ft. 
thick,  and  below  this  brown-weathering  shales  with  concretions. 

The  beds  flip  XX. E.  at  a  low  angle  and  are  traversed  by  two  sets  of  vertical 
joints.  The  workings  are  limited  on  the  eastern  side  by  a  fault  which  trends 
N.W.  to  S.E.  and  throws  in  Upper  Lias  clays.  The  ironstone  is  calcareous  and 
contains  well  preserved  specimens  of  Ithynchonella  telraltedra  (J.  Sow.)  and 
Terebratula  punctata  J.  Sow.  The  green  cores  at  the  base  are  usually  surrounded  by 
a  crust  of  dark  brown  concretionary  iron,  and  are  often  interlaced  with  '  strings  ' 
of  a  similar  substance.  The  iron  in  the  raw  stone  ranges  between  25  and  28  per 
cent.;  silica  between  9  to  14  per  cent.;  and  lime  bd  .• ■■<  ■•  m  10  to  L6  per  cent.  The 
following  is  an  analysis  published  recently  by  Dr.  Batch.1 

Per  cent. 
Fe  as  received  ...         ...         ...         ...         ...         27*40 

Fe,  dried 31-00 

SiO, 8-84 

A1.30,  9-28 

CaO 12-37 

MgO &t 

Mn     -38 

S        06 

P        15 

M   isture       11-60 

O  11!M» 

Loss  on  ignition       ...         17-16 

The  stone  is  quarried  by  hand  and  conveyed  to  kilns  where  it  is  mixed  with  the 
siliceous  stone  from  Park  Farm  and  calcined.  After  calcination  it  is  sent  by 
G.W.  railway  to  the  Brymbo  Steel  Works,  near  Wrexham,  and  the  Earl  of  Dudley 
Co.,  Round  Oak,  Staffordshire. 

Brymbo  Steel  Co.,  Brymko,  near  Wrexham. 
Park  Farm  open  workings,  250  yards  E.  of  Hook  Norton  Station. 
One-inch   Xew  Series  Ordnance   map,    Sheet   218;    Old   Series  Geological, 
Sheet  45 ;   six-ineli  map,  Oxford  9  S.W. 

Latitude  51*   59'  35  .     Longitude,  1°  28'  15". 

This  property  has  been  recently  opened,  and  has  a  working-face  about  60 
chains  in  length,  showing,  under  3  feet  of  disintegrated  ironstone,  oolitic  ironstone 
with  occasional  green  cores  in  the  lower  part,  8  feet  thick,  and  below  this  brown 
shale  with  many  concretions  (not  worked)  2  feet  thick. 

The  rock  is  much  decalcified  and  the  green  cores  are  narrow  and  inconspicuous 
they  are  usually  surrounded  by  layers  of  dark  brown  concretionary  iron.     The 
raw  stone  contains  between  2l>  and   .".I   per  cant,  of    iron  ;    the  following  is  an 
analysis  of  the  ore  published   by   Dr    Hatch.1 

Per  cent. 
Fe,  as  received     ...         ...         ...         ...         ...       31*20 

Fe,  dried  40-00 

SiO  1045 

\l  0,       9-18 

2-34 

MgO         

Mn  0-33 

s 0-04 

I' 0-13 

Moisture 22-0C 

0 13-65 

Loss  on  ignition  ...        ...        ...        ...        ...      10-21 

Tlte  taw  stone,  which  includes  nearly  the  whole  of  the  disintegrated  rock  of 
the  cover,  is  worked  by  a  steam-nav-,  y, and  screened  it  is  conveyed  t  i  calcining 
kilns  which  are  situate. I  alongside  the  G.  \Y  line  |  Banbury— Cheltenham  branch), 
and  mixed  iii  equal  proportions  with  the  raw  stone  from  the  Redlands  quarry 
before  calcination.  The  oaleined  ore  is  dispatched  to  the  Brym  Si  works 
□ear  Wrexham,  and  to  the  Earl  of  Dudley  Co.,  Round  <>.>.k.  Staffordshire. 


1  "The  .Jurassic  Ironstones  of  the  United  Kingdom — economically  considered." 
Journ.  Iron  <ni<l  Sted  Institute,  1918,  p   94 
-  Ibid. 
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H.  W.  Baker  &  Sons,  East  End,  Hook  Norton. 

Shallow  pit,  250  yards  X.  of  Hook  Norton  station. 

One-inch  New  Series  Ordnance  map,.  Sheet  218;  Old  Series  Geological, 
Sheet  45  ;   six-inch  map,  Oxford  9  S.W. 

Latitude,  51°  59'  45".     Longitude,  1°  28'  20". 

The  working  face  shows  a  soft  brown  oolitic  ironstone  to  the  depth  of  9  feet 
under  brown  soil  varying  in  thickness  from  2  to  4  feet,  the  section  being  similar 
to  that  of  the  Park  Farm  workings  about  400  yards  to  the  south-east.  The  reserves 
are  small,  and  the  pit  will  soon  be  worked-out. 

The  stone  is  carted  to  Hook  Norton  station  and  sent  by  rail  to  the  Lilleshall 
Co.,  Ltd.,  Oakengates  (about  66  miles). 

H.  W.  Baker  &  Sons,  East  End,  Hook  Norton. 

Openwork  on  east  side  of  road  between  Hook  Norton  and  Sibford  Ferris; 
f  of  a  mile  N.W.  of  Hook  Norton  station. 

One-inch  New  Series  Ordnance  trap.  Sheet  218;  Old  Series  Geological, 
Sheet  45  ;   six-inch  map,  Oxford  9  S.W. 

Latitude,  52°  0'  2".     Longitude,  1°  28'  52". 

The  section  resembles  that  of  the  Redlands  Quarry  (see  p.  138),  except  for  the 
presence  of  a  small  patch  of  Upper  Lias  clay  at  the  western  end  of  the  pit.  The 
ironstone  is  about  12  feet  thick,  and  contains  in  the  bottom  layers  the  usual 
dark-skinned  pebble-like  concretions.  Green  cores  with  well  preserved  fossils 
are  present  at  the  base,  but  they  are  usually  narrow  and  inconspicuous. 

The  ironstone  is  quarried  by  hand  and  carted  to  the  station  (about  1  mile) 
for  dispatch  to  the  Lilleshall  Co.,  Hollinswood,  and  the  Earl  of  Dudley's  furnaces 
at  Round  Oak.  The  average  weekly  output  is  about  300  tons.  The  property 
unworked  measures  60  acres,  but  reserves  for  future  use  may  be  found  in  the 
neighbourhood. 


Warwickshire.     By  -T.  Pringle. 

Burton  Hills,  2  miles  W.S.W.  of  Fenny  Compton  station. 

One-inch  New  Series  Ordnance  map,  Sheet  201  ;  Old  Series  Geological, 
Sheet  53  :   six-inch  irap,  Warwick  46  S.W. 

Latitude,  52°  9'  42".     Longitude,  lc  25'  15". 

Some  disused  workings  near  rhe  windmill  were  formerly  worked  by  the 
Willingsworth  Ironstone  Co.  The  following  particulars  of  a  section  east  of  the 
windmill  may  be  regarded  as  typical  of  the  Rock  Bed  of  this  area  : — 


Upper  Lias  Shales  with  thin  clayey  limestones,     1  to 

fThick-bedded    brown  -weathering    sandy 

oolitic  ironstone  with  large  green  cores, 

Middle  Lias       ■{      numerous     dark-skinned      pebble-like 

concretions  at  base        ...         ...  about 

I^Brown  shales  with  nodules  ...     seen 


Ft.  in. 

8    0 


15    0 
4    0 


The  dip  is  S.E.  at  5°.  The  area  is  traversed  by  several  east-to-west  faults 
which  introduce  narrow  belts  of  Upper  Lias  clays.  The  workings  have  been 
abandoned  for  several  years  ;  but  during  the  period  of  activity  the  raw  stone  was 
carried  by  an  overhead  transport  to  a  siding  adjoining  the  Stratford-upon-Avon 
and  Midland  Junction  railway  at  a  point  nearly  midway  between  Kineton  and 
Fenny  Compton  stations.  The  ironstone  is  calcareous,  and  an  analysis,  for 
wi  ich  we  are  indebted  to  Mr.  A.  A.  Dolan,  of  a  sample  obtained  at  a  spot  S.  of 
the  windmill  shows  the  following  constituents  : — 

Per  cent. 
Iron  250 


Silica 
Lime 
Mn 
P    ... 


Arrangements  are  being  made  to  restart  work  at  this  locality 


80 
240 
•2 
•15 


HI 
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X  OKI  HAMPTON    i  INFERIOR    OOLITE)   IRONSTONE    OF 

MID  AND  SOUTH  LINCOLNSHIRE,  RUTLAND 

AND    NORTHAMPTONSHIRE. 

By  C.  B.  Wedd. 

StEATIGEAPHICAX    DES<  Kll'IiOX. 

Before  describing  the  Northampton  Ironstone,  it  is  well  to  con- 
sider the  changes  in  the  overlying  strata  as  affecting  the  lime- 
stones quarried  in  working  the  ironstone  and  used  for  fluxing  it. 
The  following  table  gives  the  sequence  of  these  strata  and  of  the 
ironstone-beds,  with  their  range  of  thickness  in  Lincolnshire  and 
Northamptonshire1  :  — 

Range  of  Thickness  in  Feet. 

Lower  Oolites.  , 

Great  Oolite  Series  : — 

Corn  brash  : — hard  bine  f  ossi- 
ferous limestone 
Forest  Marble  Series  and  Great 
Oolite  Clay: — variegated 
clays  with  layers  of  calcareous 
and  ferriferous  nodules 
Great  Oolite  Limestone: — bard 
shelly  more  or  less  oolitic 
limestones  in  courses,  with 
marly  partings  and  oyster- 
beds  2J — -36  J 


Lincoln- 
shire. 
3i— 8 


13—26 


Northampton- 
shire. 

o—i.-. 


-14  i 


Upper  Estuarine  Series : — 
\  a  negated  clays  with  shell- 
beds,  ferruginous  at  the  base 


Inferior  Oolite  Series  : — 
Lincolnshire  Limestone : — pale 

oolitic  limestones  (freestones) 

and  hard  shelly  limestones... 
Collywestx  >n       Slate  : — fissile 

sandy  limestone  and  sand... 
Lower  Estuarine  Series: — pale 

sands  and  laminated  clays... 


Northampton  Sand  : — North* 
ampton  Ironstone1  (oolitic) 
and  lower  sandstone 


10  J — 10 


7— 25  J 
f  Variable  :     usually  : — ""] 
(iii.)  Clay  with  root-  j 

lets, 
(ii.)  Estuarine  lime-  | 
«j  stone  (1  ft.  to  5  or  J»  7—38J 

6  ft.). 
(i.)  Clay   of    various  j 
colours :  an  ovster-  i 


bed. 


J 


132— 36  J 
0—5 


1— 0 


0—34 


r/7 


I.I  \- 
l.'ms  :      blue  clavs 


riable  BedsJ  (North- 
ampton   district]  : — 
calcareous  and    ssfle 
•{  -•  >nes 

26    Northampton    Iron- 

and 
(^     lower  sandstoni 


15—0 


0  -80 


30—0 


1  The  sequence  and  thicknesses  of  strata  .ire  i  .is.-.!  on  the  6  llowing  works: — 
logy  of  Rutland  '  |  Mem.OeoL  Sud-  ,),  is::. ;  '<  k»k)gy  ol  Lino  m,1  U  i  L,  1888; 
'Juraasio  Rocks  of   Britain,' ibid.,  voL  i   .  1894;   lThi 
litlti;  Beeby  Thompson,  'Geology  of  Northamptonshire  and  l  aland  and 

Warwickshire  * ;    OeoL   .1  BOlogy  in  the  Field:    the  Jubilee  Vbhui 

the  Ass.ieiati>>ii.-   1810. 

B    r  '••!'•  W81  171 . 

3  In  this  aooounl  the  term  '  Northampi 
alone  and  is  need  irrespectively  of  the  source  ol  th< 
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Discordance  of  bedding  and  local  erosion  at  the  junction  of  the 
Lower  and  Upper  Estuarine  Series  have  suggested  some  degree  of 
unconforniability.  In  fact  Prof.  Judd  regarded  the  Upper 
Estuarine  Series  as  always  slightly  unconformable  to  its  under- 
lying beds.1 

The  Northampton  Ironstone  usually  forms  the  upper  part  of 
the  Northampton  Sand  as  here  defined ;  for  the  '  Variable  Beds  ' 
are  confined  to  the  immediate  neighbourhood  of  Northampton, 
where  they  are  regarded  by  Mr.  Thompson  as  '  an  addition  to  the 
normal  sequence  due  directly  and  indirectly  to  coral  growth 
within  the  area,  that  is  to  the  actual  addition  of  calcareous  matter, 
and  to  the  arrest  of  sediment  of  other  kinds  by  the  reefs."  As 
in  that  neighbourhood  the  sandy  basal  development  of  the  North- 
ampton group  becomes  thin  or  disappears,  the  ironstone  there 
alone  belongs  to  the  lower  part  of  the  group. 

The  Lincolnshire  Limestone,  reaching  its  maximum  develop- 
ment in  Lincolnshire,  where  in  places  it  lies  immediately  or 
almost  immediately  above  the  ironstone  in  the  absence  or  feeble 
representation  of  the  Lower  Estuarine  Series,  thence  thins  and 
disappears  southward  along  a  line  running  south-westward  by 
Kettering.  Consequently  the  Upper  and  Lower  Estuarine  Series 
come  together,  and  where  these  two  similar  series  diminish,  the 
Great  Oolite  Limestone,  more  sandy  and  less  valuable  as  a  flux, 
comes  to  occupy  much  the  s.'me  position  above  the  ironstone  as  the 
purer  Lincolnshire  Limestone  occupies  farther  north  (see  PI.  VII, 
Sects.  1  and  2).  The  two  limestones  are  often  similar  in  appear- 
ance, though  differing  in  age  and  in  fossil-contents. 

The  Collyweston  Slate  disappears  as  such  southward.  But  in 
the  Deene  Pit  near  Corby  iNorthants)  it  is  represented  by  large 
bullions,  retaining  all  the  fissility  of  the  '  slate,'  but  set  in  a 
matrix  similar  to  the  Estuarine  beds,  and  consequently  it  adds 
to  the  thickness  of  sandy  and  clayey  strata  above  the  ironstone 
and  increases  it  locally  to  20  feet  or  more. 

Description  of  the  Ore-bed. 

The  ironstone-bed  itself  usually  retains  the  same  general  char- 
acter from  top  to  bottom.  In  its  unweathered  state  it  consists 
of  green,  more  or  les>  densely  oolitic  carbonate-ironstone,  variably 
sandy  and  calcareous,  but  rarely  in  any  part  so  highly  calcareous 
as  the  unweathered  Marlstone  ore  (which  otherwise  it  resembles 
closely  in  appearance  and  colour),  and  on  the  whole  more  sandy, 
especially  towards  its  base.2  It  weathers  to  a  brown  or  yellowish- 
brown  limonite  ore,  in  which  the  oolitic  structure  is  sometimes 
more  or  less  completely  obliterated.  The  Northampton  ore  usually 
shows  a  slightly  more  yellowish  tint  than  the  Marlstone  ore,  after 
exposure  to  weather.  Though  sometimes  more  massive,  it  often 
has  a  thin-bedded  structure;  but  i-  generally  free  from  shah- 
partings. 

Not  infrequently  (?-g-.  in  the  Islip  Company's  Woodfield  Mine) 
a  bed  of  hard  dense  and  homogeneous  green  or  grey  ferrous-ci  r- 
bonate   stone  devoid   of  oolitic   structure,    appears  locally   in    the 

i  •  Heolngy  of  Rutland  '  {M*m.  Geol   ftvrv.),  1875,  p.  no. 

2  For  suggestions  as  to  the  origin  of  such  ores,  see  above,  p.  13. 
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Section  I  -  Crossing  obliquely  the  main  Northampton  Ironstone  field,  from  the  pits  north  of  Corby  to  the  County  Boundary  beyond  Irthlingborough 


Corby  St. 


Section  2-  Across  the  main  Northampton   Ironstone  field,  from  Rothwell  to  Clapton. 
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DESCBiPTioa  op  ore.  I4;j 

ironstone.     Elsewhere  such  a  bed  may  be  represented  by  a  band 
of  similar  nodules,  as  at  Finedon.     Rarely,  a  pari  of  the  . 
passes  locally  into  a  ferriferous  limestone,  as,  for  a  short  dista 
in  the  Sheepbridge  Company's   Desborougt   quarry.     Id 
quently  some  pari  of  it   becomes  more  sandy  than  the  rest,  and 
may  have  to  be  rejected.     Such  sandy  beds  usually  extend  down- 
ward from  the  top  or  upward   from  the  bottom,  but  are  seldom 
found    in   the  middle  oi   the    Ironstone:    in  one  of   the  worl 
near  Finedon  the  upper  7   feel   or  8  feel  ot  a  total  thicknes! 
15  feet  becomes  sandy  for  some  distance  and  unfit   for  u 

In  the  shallow  mines  or  the   deepesl   open    workings,    the 
usually  retains  in  the  main,  hut  not  completely,  its  onweathered 
state  as  a  green  carbonate-stone.     Under  such  conditions  oxida- 
tion is  found  to  Lave  taken  place  along  joints  and  certain  bedding- 
planes,    and  generally   to  have   pervaded  the  ma—   as  a  'minute 
brown  speckling.     In  the  shallower  open  workings  more  extensive 
oxidation  has  affected  the    upper  beds  most    and   has   proceeded 
irregularly    downward    with    diminishing  alternation    ot    brown 
with  green   beds.       In  some  of  the  surface-workings 
coyer  the  whole  thickness,  or  what   remain-  ot   it.  is  complel 
oxidized  throughout. 

One  peculiar  characteristic  of  the  weathering  Northamptoi 
serves  at  once  to  distinguish  it  from  the  .Marl-tone  ore.     The  solu- 
tion and  redistribution  of  iron  results  in  the  formation  of  vertical 
and  horizontal  crusts  of   rich  dark  brown    structureless  limonite 
along  joint-  and  bedding-planes,   which  thus  break  up  the  -tone 
into    rectangular    block-,    oi    'boxes,'    diminishing    in    sise   and 
increasing  in  number,  by  similar  infiltration  along  more  numerous 
planes,  as  weathering  proceeds.     The  final  stage  oi  thi-  pn 
exhibits  a  close  cellular  -tincture   in    which    small    rectangular 
cells  of  dark  brown  limonite  enclose  a  central  core,  usually 
in    colour  through   exhaustion  of  iron.1        No  similar  structure 
develops  to  any  marked  extent  in  the  weathered  Marl-tone  ore.  in 
which,   however,  an   interstitial  deposit  "t   ferric  oxide   tei     j1 
bind  the  oxidized  ooliths  together. 

The  general  absence  of  beds  crowded  with  Rhynchonetta  and 
Terebratula  serve-  farther  to  distinguish  the  Northampton  ore, 
for  it  i-  almost  barren  of  fossils  for  Long  distances,  though  locally 
highly  fossiliferous.* 

The  ironstone,  as  a  rule,  passes  down  rather  suddenly  into  a 

green  ferriferous  sand-tone  several  feet  in  thickness,  but  variable. 

This,  generally  including  at  the  bottom  a  sparse  bed  of  phosphatic 

nodules,    constitute-    the    actual   baBe   ot    the   Interior  Oolite    and 
rests  upon  the  Upper  Lias  clay. 

The  downward  change  of  the  ironstone  into  -ami-tone,  though 
often  rather  sudden,  is  not  usually  abrupt.  Consequently  in  the 
absence  of  a  sharp  plane  of  demarcation  the  iroi  •  worked 

a   Little  lower  down   iii  Borne  workings  than  in  others,  with  the 
result  that  its  silica-average  i  -  a 

1  flora  full  description  ol  tins  structure.  -■<•   'Qeolt  gy  of  Rutland 
Oeol.  Swrv.)    is::..  vv.  lis.  12U,  123. 
-'  See  Thompson,  op.  e  it .  p  4G9. 
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Towards  the  south-western  extremity  of  the  ironfleld,  before  the 
ironstone  itself  is  affected  by  any  siliceous  degeneration,  a  change 
takes  place  in  its  relative  position.  A  bed  of  ferriferous  sand- 
stone, usually  green  when  unweathered,  but  varying  within  short 
distances  between  a  firm  green  sandstone  and  a  soft  buff  or  brown 
sand  like  the  overlying  Estuarine  sand,  comes  in  at  the  top  of  the 
ironstone  and  attains  a  thickness  of  20  feet  or  more.  This  is  a 
sandy  phase  of  the  '  Variable  Beds  '  of  the  Northampton  district 
(see  above,  p.  142).  The  intercalated  sandstone  above  the  iron- 
stone, even  where  it  has  the  same  green  colour  as  the  ironstone 
below,  is  readily  distinguishable  from  it  at  a  distance;  for  the 
rubbly  appearance  imparted  to  the  ironstone  b\  the  characteristic 
'  box  '  or  cellular  structure  (described  above)  does  not  extend 
upward  into  the  sandstone,  which  has  the  aspect  of  a  massive 
bedded  rock. 

Its  marine  origin  connects  the  sandstone  rather  with  the  iron- 
stout -group  than  with  the  Estuarine  beds  above.  Consequently, 
in  the  absence  of  the  sandy  base  of  that  group  (for  the  green  sand- 
stone below  the  ironstone  becomes  thin  or  disappears  locally  in 
the  same  neighbourhood),  the  intercalated  green  sandstone  above 
has  the  effect  of  transferring  the  ironstone  from  the  top  to  the 
bottom  of  the  group. 

This  sandy  development  at  the  top  of  the  ironstone  is  conspicuous 
in  all  workings  from  Duston  southward  to  Towcester,  but  is  not 
found  at  Earl's  Barton  and  Whiston,  the  nearest  workings  on  the 
east. 

The  marine  Northampton  Sand,  in  the  sense  in  which  the  term 
is  used  here  (see  table,  p.  141),  represents  in  an  attenuated  form 
several  ammonite-zones  combined,  but  elsewhere  distinct — viz., 
those  of  Jurensis  (upper  part),  Torulosus,  Opalinus,  and  Murchi- 
sonse  (lower  part).  Characteristic  fossils  are  the  ammonites 
Lytoceras  wrighti,  S.  Buckman ;  L.  opalinum  (Rein);  Lvdwigia 
murchisonoe  (J.  de  C.  Sow.);  the  lamellibranchs  A  start e  elegans, 
Sow.;  Ceromya  bajociana,  d'Orb;  Hinnites  velatus  (Goldf.); 
Pecten  personatus,  Goldf. ;  and  several  species  of  Trigonia;  also 
brachiopods  of  the  groups  of  Rhynchonella  cynocephala,  Rich.; 
Terebratula  fimbria,  Sow.,  and  T.  gubmawillata,  Sow.3 

Range  and  Thickness. 

The  Northampton  Ironstone,  from  its  most  northerly  develop- 
ment in  Lincolnshire  southward  to  Grantham,  passes  rapidly 
under  the  thick  Lincolnshire  Limestone  and  nowhere  presents  broad 
areas  of  surface-stone.  This  arises  partly  from  the  thinness  of  the 
over-lying  Lower  Estuarine  Series,  so  that  the  hard  ironstone  and 
the  thick,  resistent  limestone  crop  out  close  together  in  one  escarp- 
ment capped  by  the  latter  (see  map,  PI.  Y.  and  Hor.  Sect.  PI.  YI, 
Sect.  1),  and  partly  from  the  less  variable  inclination  of  the  strata 
(cp.  Pis.  YI  and  YIT). 

South  of  Grantham  the  outcrops  begin  to  widen  and  spread 
out  into  broad  phiteaux,  usually  capped  by  extensive  outliers  of 
the  limestone,  and  intersected  or  detached  by  numerous  valleys. 

1  For  the  zones  and  lists  of  fossils,  see  '  Jurassic  Rocks  of  Britain  '  (Mem. 
Geol.  Surv.),  vol.  iv.  1894,  p.  167,  and  B.  Thompsm,  op.  cit.,  p.  470. 
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These  conditions  become  farther  accentuated  southward  through- 
out Rutland  and  the  main  ironfield  of  Northamptonshire  (see 
below,  p.  14!J  and  Maps,  Pis.  V  and  VIII),  where  the  diminishing 
Lincolnshire  Limestone  finally  gives  place  to  the  Greal  •  >«jlite 
Limestone  as  the  capping  of  the  plateaux  above  the  combined 
Upper  and  Lower  Estuarine  Series  »e<  Sor.  Sects.,  PI.  VII, Set 
1  and  2). 

Beyond  tlie  main  ironfield  the  strike  changes  from  south  to 
south-west,  and  the  outcrop  aarrows  with  some  increase  oi  south- 
easterly dip. 

The  Northampton  Ironstone,  ae  a  whole,  does  not  vary  rapidly 
in  thickness  from  place  to  place.  In  Northamptonshire  the  full 
thickness  of  ironstone,  i.e.,  the  complete  thickness  where  thfl 
upper  part  has  not  been  removed  by  denudation,  ranges  from  about 
6  feet  to  15  feet,  with  an  average  of  probaMy  about  10  feet.  It 
is  said  that  an  exceptional  thickness  of  25  feet  was  worked  at 
Duston,1  but  no  evidence  remains  on  the  ground  to  confirm  this. 
South-west  of  Little  Addington  also  the  ore  is  believed  to  be  ex- 
ceptionally thick.  The  average  thickness  of  stone  worked  is  about 
8  feet  in  Northamptonshire,  the  difference  being  due  to  the  exten- 
sive working  of  partially  denuded  stone  and  to  the  rejection  of 
inferior  pa  its.  In  Rutland  and  Lincolnshire,  respectively,  the 
average  worked  is  about  8  feet  6  inches  and  8  feet,  the  full  thick- 
ness being  10  feet  or  11  feet  in  Rutland  and  ranging  up  to  12 
feet  or  more  in  Lincolnshire. 

Faults  are  not  numerous  and  do  not  as  a  rule  interfere  to  any 
extent  with  the  working  of  the  iron-ore.  Of  the  tracts  so  far 
known  to  contain  them,  the  belt  of  ground  extending  southward 
from  Sudborough  west  of  the  Islip  furnaces  is  probably  the  most 
seriously  affected,  being  faulted  in  both  longitudinal  and  lati- 
tudinal'directions.  In  other  cases  faulting  may  have  had  an 
effect  of  practical  importance  upon  the  depth  of  the  ironstone, 
viz..  between  Colsterworth  and  Buckminster  f South  Lin 
between  Cranford  and  Burton  Latimer,  and  south-west  of  Irth- 
lingborough  (Northants). 

At  Wakerley  and  elsewhere  in  the  neighbourhood  the  ironstone 
is  closely  step-faulted  with  numerous  small  south-easterly  down- 
throws, rather  more  than  compensated  by  intervening  -harp 
north-westerly  dips.8  The  phenomenon,  however,  scarcely  has 
any  detrimental  effect  on  the  working  of  the  ironstone,  except 
where  it   introduces  '  sand-gulls.' 

Of   more  consequence  in   working  are  the  sand-  or  clay-gulls 
luentlv  encountered  in  the  ironstone.    These  are  of  two  I 
generally  distinguished  :  — 
(i.)  pooh  •  d  or  clay  let   down   into  Hie  in ■■ 

solution,  along  joints,  ten  frequently  by  faults;  or  introduced  into 
erosion-cavities 
(ii .)  Small  and  sharp  anticlinal   folds  abruptly   pinching  up   the  sandy, 
base  of  the  ir  '1  bringing  it  up  in  places  to  the  top  of  the 

working,  with  the  •  re 

!  Thompson,  foe.  n>  ■  \V.   \\.   Eudleston,  /'•  I.  hr,    1^74. 

27. 

te  same  phenomenon  is  seen  in  the  Marlsl  of  Leicestershire :  see 

of    Melton    Kowbr  Swrv.),  10nn.  p.  4t>.  and  above, 

p.  132.     It  mayprobably  be  the  result  of  movement  in  a  relatively  thin,  hard 
ami  brittle  bed  intercalated  between  softer  and  more  plastic  strata. 


146 


c 


02 
O 

i 

S          \ 

i 

South  Lines. 

Ore  at 
Quarried  Ore.                      mining 
depth. 
4.                         5.                       6. 

Rutland 

and 

North  Northants. 

Main  Ironfield  (including 

Earl's  Barton  and 

Brixworth). 

Mined. 
3. 

Quarried  Ore. 
1.                             2. 

S.  W.  District 
(Whiston  to 
Towcester). 

rH      ,        P 


C 


JO 


O  C  M  rf  ■*  M  «  O  <D  "# 


c      ^ 
©   ° 

re) 
atl 

mois 

> 

Iron  (moist  o 
Iron  (driec 
Silica 
Alumina 

Magnesia 

Manganese 

Sulphur 

Phosphorus 

Moisture 

<3      '-+3 

>»  i 

S    -2 


o 
w    J?? 


147 


^ 

mi 

_   B 

j 

''  '■'      ■-     '■  •    1                 IT 

*a 

>. 

E- 

>*  da     "  eq  1 

A  co    £                           - 

r^^s 

:  •- 

ai 

i — hmcokmxioc 

— 

o 

-   —   X    A   ~  M  M  ~  •-  3 

-r  —  i"  '". 

re  -r  —                                — 

1 

a 
c? 

fcH 

3 

—  = 

and 
[oare  >u& 

I-  C<! 

soooeot^eseoeo^c 

—  <M  1-  >~  1-   —   "1  ~    WOO 

so  Q>C  /:  -.=                     re 

ci  r-.  —                                  — 

s 

■ 

-r  B 

,—  — 

a  x 

P5  b 

r  '"  '-  ~  -       —  '-'  ■-.  c 

"   0 

■- 

—  -.  i  e  i '  -                       p 

/ 

- 

:-.  —  —                                    ei 

to 

ID 

re  i-  X  >- 

>. 

a 

I 

i-  K  —  c  ei  —  *.i  W  --f  N 

1 

— 

O  «c  x  cc  o  —               c 
S5  ec                                — 

5 

> 

EO 

1 

Poorer 

and 
Icareou 

o x  —  r  ^ooong 

C3 

s 

T8 

T  ^  T  '7  ~  '"  ^  T  "7  "' 

so 

re  re  —                                — 

8 

5 
E 

- 
8 

gj 

t-  O  <0  OB 

•^H 

m 

NQOhOC  X  —  ~   — 
as  t  ei  r  >~  -r  ei  —  >~  io 

-c 

o 

hCCOWN                        w 

3 

•0* 

p 

«-, 

o 

1 

re  c  t-  t- 

1 

C   ^- -  C   '~T—    ~r"T 

I. 

re  r-.  >~  >~.  e'i                   ~ 
re  re  —                                — 

- 

H 

a- 

■ 

s  1 

h-jpOVO     "  ">  —  £J  x 

r.  ■-  *  -  —  M  N  c  --f  io 

*» 

abtocD  •  >o                   * 

•c 

"N  C^  —                                         — 

.2 
- 

8 

.  -n  —  >" 

fc 

I  i 

y.  -r  \-  t~.  >~.    l  ■?-.  —  ~  ~ 

—  '-r  T  —  '?■    *-  V  ^  [7  * 

ad 

.■-  - 

..  - 
— 

i-  ~:  r.  -r  —  J                  — 

»■<*                j-                — 

1 

> 

'1 

s 

■ 

- 

—  _    - 

S 

5 

«       I 

o 

•-  ~                    s       ^ 

- 

"Tp  *  a  •  e  s^ 

±      7.  <  —  ~  S  x  i.  ^; 

3 


148  NORTHAMPTON    IRONSTONE. 

'  Gulls  '  of  the  kind  first  mentioned  are  sometimes  a  serious  in- 
convenience, and  may  have  the  effect  of  raising  the  silica-per- 
centage, owing  to  difficulty  of  excluding  all  the  sand,  as  well 
as  reducing  the  yield  of  the  working. 

Chemical  Composition. 

The  accompanying  tables  (pp.  146-7 J  give  the  average  values  of 
the  chief  chemical  constituents  of  the  Northampton  Ironstone, 
as  deduced  from  different  numbers  of  partial  and  complete  analyses 
for  different  narts  of  its  area ;  also  characteristic  analyses  of  the 
ore  as  worked  in  its  mean  and  extreme  qualities. 

Compared  with  the  Frodingham  and  Maidstone  ores,  the  salient 
chemical  characteristics  of  the  Northampton  Ironstone  are  its 
relatively  high  percentage  of  iron,  silica  and  phosphorus,  and  its 
relatively  low  percentage  of  sulphur,  manganese  (as  compared 
with  the  Frodingham  ore)  and  lime  (as  compared  with  the 
Frodingham  and  the  less  weathered  Marlstone  ores).  Its  small 
content  of  lime  and  its  large  content  of  silico  render  it  an  essen- 
tially siliceous  ore  in  both  its  oxidized  and  its  unoxidized  states, 
for  the  lime-percentage  of  the  unweathered  carbonate-ironstone 
is  not  high  enough  to  make  it  a  really  calcareous  ore. 

A  greater  difference  of  composition  exists  between  the 
weathered  and  the  unweathered  ore  than  might  be  supposed  from 
the  analyses,  for  much  of  the  stone  is  quarried  under  as  great  a 
thickness  of  cover,  and  in  practically  the  same  condition,  as  the 
shallower  mined  ore,  while  all  the  mining  is  done  at  little 
depth.  Still,  the  average  values  (p.  146)  do  show  an  appre- 
ciable difference  in  iron-content  between  the  quarried  and  the 
mined  stones,  though  a  less  appreciable  difference  of  lime-content. 
For  the  relative  richness  of  the  whole  bed  in  iron  accentuates  the 
difference  of  iron-content  between  the  unweathered  ore  and  the 
weathered,  in  which  the  removal  of  the  more  soluble  constituents 
has  concentrated  the  iron,  while  the  relatively  smnll  percentage 
of  lime  in  the  unweathered  ore  diminishes  the  difference  of  lime- 
content  between  the  two  conditions  of  the  ore. 

The  slight  apparent  increase  of  average  iron-content  in^  the 
south-western  district,  immediately  preceding  a  general  deteriora- 
tion in  the  same  direction,  may  possibly  result  from  the  local 
rapping  of  thick  sandstone  ('Variable  Beds,'  p.  142).  For  this 
sandstone,  presumably  somewhat  ferriferous  at  an  early  stage 
and  certainly  rather  permeable  to,  than  absorbent  of,  iron,  may 
itself  have  imported,  as  well  as  transmitted,  more-  iron  to  the 
absorbent  ore  below. 

Extent  .and  Limits  of  the  Ore-bed. 
The  Northampton  Ironstone  has  an  extensive  distribution  in 
the  eastern  counties  of  England  (sei  Maps,  Pis.  A'  and  \  III). 
Apart  from  the  variable  and  sporadic  Dogger  ironstone  in  a 
similar  position  at  the  base  of  the  estuarine  Oolites  of  Yorkshire,  it 
extends  from  North  or  Mid  Lincolnshire  to  the  south  end  of 
Northamrttonshire,  and  is  worked  from  Lincoln  to  Towcester  at 
varviiijr  intervals  throughout  a  distance  of  about  85  miles  along 
the  outcrop  of  the  formation. 
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I  n  the  extreme  north  of  Lincolnshire  the  bed,  thin  and  sandy, 
cannot  be  regarded  as  an  iron-ore;  but  from  Blyborough,  14 
miles  north  of  Lincoln,   it  begins  more  nearly  to  approach  the 

appearance  of  a  workable  ironstone,  though  chang  ad  oi  no 

gre.it  thickness. 

On  the  north-west  side  of  Lincoln  it  is  very  thin  and  worthless 
as  an  ore;  hut  where  the  outcrop  loops  eastward  down  the  Witham 
valley  in  the  Lincoln  gap  the  ironstone  has  long  been  worked, 
principally  on  the  north  side  at  Greetwell,  one  mile  east  of 
Lincoln. 

From  Lincoln  southward  the  area  of  the  ironstone  may  be 
divided  into  three  unequal  divisions,  based  upon  the  number  and 
distribution  of  ironstone-workings  and  the  extent  and  continuity 
of  proved  workable  ore  in  relation  to  the  whole  area  :  — 

(i)  Northern  district :   From  Lincoln  along  the  outcrop  southward  to  the 
latitude  ot  .Med  bourne  and  Fotheringnay,  Northants  [north  m 
of  map  PI.    VI LI:  the   division    approximately  coincides   with  the 
Northampton-Ironstone  area  of  PI.  VJ. 

(ii)  Main  lronlield  of  Northamptonshire,  southward  to  a  line  joining 
Wollastun,  Earl's  JtJarton  and  Brixworth  :  eastward  and  south-east- 
ward slightly  beyond  the  final  disappearance  of  the  bed  under  cover 
[PI.  Villi 

(iii)  South-western  district  of  Xorthants :  to  south-western  termination 
of  ironstone  development,  beyond  Church  Stowe  and  Tow.,  ester 
[PI.  V111J. 

The  representation  of  Northampton  Ironstone  on  the  two  maps 
indicates  in  a  general  way  those  areas  in  which  an  expectation 
of  workable  ore  is  justified  bv  inference  from  the  number  and  dis- 
tribution of  the  workings  and  trials,  as  m  ell  by  direct  proof.  Such 
inference  is  carried  farther  in  the  main  ironfield  than  in  the  two 
other  divisions,  in  which  workings  are  fewer  and  trials  more 
frequently  unsuccessful. 

In  the  northern  district  the  areas  oi  worked  ironstone  are 
and  isolated;  and  southward  of  Grantham,  where  the  outcrop 
broadens,  are  found  for  the  most  part,  not  upon  the  main  sheet 
of  the  Inferior  Oolite  outcrop,  in  which  the  ironstone-bed  lie^  at 
or  not  far  from  the  surface,  but  upon  the  much  eroded  and  ragged 
western  fringe,  where  denudation  has  wide!  the  rem- 

nants oi  the  Lower  beds.    Consequently  in  tJ  i  containing 

most  of  the  workings  in  South  Lincolnshire,  Rutland  and  North 
Northamptonshire,  there  can  be  no  question  oi  a  continuous  area 
ot  ore.  Attempts  to  find  new  tract-  oi  surface-ore  in  the  neigh- 
bourhood of  the  proved  areas  have  often  failed,  owing  partly  to 
complete  or  partial  removal  oi  the  bed  by  denudatii  a,  partly 
thicK  and  irregular  covering  of  drift,  and  pai  al  detei 

tion  ot  the  ironstone;  and  these  failures  have  fostered  a  belie t  that 
nearly  all  the  existing  ore  has  already  been  found.    Neverthe 
recent  exploration  is  tending 

stone  than    had  been   supposed.     The  limited   variability  of  the 
ore  as  worked   at    intervals  throughout   a   wid 
i  he  suggest  ion. 

As  an  inference  from  ret  eni  investigations,  a  la  . 
or  less  continuous    ironstone     s  represent!  PI.  V) 

as   extending   from    Grantham    southward    r      Buckminstei    and 
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Stainby,  beyond  which  a  broad  drift-filled  depression  separates  it 
from  a  continuation  stretching  from  Market  Overton  to  Burley. 
This  tract,  at  present  but  little  worked  in  Lincolnshire,  m.(y 
develop  into  an  important  area  of  ironstone-production,  second  in 
extent  only  to  the  main  ironfleld  of  Northamptonshire. 

A  little  farther  south  there  was  probably  an  original  continuity 
of  good  ironstone  throughout  the  tract  containing  the  villages  of 
liidlington,  Wing,  Luffenhani,  Barrowden,  Wakerley,  and 
Uppingham. 

On  the  other  hand,  the  ironstone  along  its  outcrop  for  some  10 
miles  southward  from  Lincoln  does  not  quite  maintain  its  quality. 
Though  it  has  been  worked  to  a  small  extent  at  Waddington  and 
Coleby,  where  it  is  said  to  be  better  in  quality  than  between 
Waddington  and  Lincoln,1  its  iron-percentage  is  rather  low  and 
its  silica-percentage  rather  high  as  a  rule.  At  Leadenham  it  im- 
proves for  some  distance  and  has  been  worked  for  several  years; 
but  southward  from  there  it  again  deteriorates  and  appears  tc  be 
of  poor  quality  from  Normanton2  nearly  as  far  as  Grantham. 

In  its  most  westerly  extension  in  South  Lincolnshire,  westward 
of  Denton  and  Buckminster,  it  suffers  farther  deterioration, 
and  though  it  was  formerly  worked  at  Waltham-on-the- Wolds,  it 
proved  unprofitable  and  was  abandoned. 

At  its  most  easterly  point  of  working  in  South  Lincolshire,  at 
Easton,  near  Stamford,  its  silica-content  rises  to  as  much  as  20 
per  cent.,  which,  however,  does  not  render  it  unsuitable  for  mixing 
with  the  calcareous  Frodinghani  ore. 

From  Wakerley  southward  to  the  main  ironfleld,  it  appears 
that  no  ore  has  been  worked,  and  little  is  known  of  the  quality  of 
the  ironstone  there. 

In  (i.)  the  northern  division,  apart  from  South  Lincolnshire, 
and  in  fiii.)  the  south-western,  it  cannot  be  assumed  that  the  ore 
has  a  quality  serviceable  under  existing  conditions  outside  the 
areas  actually  proved.  But  in  (ii.)  the  main  ironfleld  of 
Northamptonshire  the  number  and  distribution  of  the  working's 
and  the  extent  of  proved  ore  warrant  the  expectation  that  in 
general  (with  certain  reservations)  the  ironstone  will  prove  to  be 
workable,  both  at  the  surface  and  underground,  wherever  the  bed 
has  not  been  removed  by  denudation.  For  the  ore,  as  a  rule,  does 
not  vary  beyond  the  limits  of  commercial  quality  in  passing  from 
one  working  to  another.  Moreover,  in  the  few  mines  below  the 
depth  of  open  quarries — at  Islip,  Cranford,  Finorlon  and  Irthling- 
borougli — tlie  unoxidized  carbonate-ore  retains  a  good  quality; 
and  while  mining  is  at  present  restricted  to  a  comparatively 
small  area  in  this  district  of  Northamptonshire,  the  wpntherod 
surface-stone  in  the  other  parts  of  the  main  ironfleld  closelv 
resembles  that  of  the  mining-area  :  and  the  underground  stone 
lies  usually  at  no  greater  depth.  Further,  leased  areas  of  con- 
siderable size  have  been  more  or  less  completely  tested  around 
many  of  the  workings;  and  the  ironstone  has  been  examined  at 

1  Oapt.  Macdakin,  'The  Northampton  Ironstone  Berls  in  Lincolnshire.' 
Geol.  Mag.,  New  Series,  Decade  ii,  vol.  iv  (1877).  p.  406.  See  also  J.  Dalgliesh 
and  R.  Howse,  '  .Some  Remarks  on  the  Reds  of  Tronstone  occurring  in  Lincoln- 
shire '  Trans.  JSI .  Eng.  Inst.  Min.  and  Mech.  Eng.,  vol.  xxiv,  1874-5,  p.  30. 

2  Macdakin,  Inc.  cit. 


EXTENT   OP   OBE-BED.  15] 

the  surface  or  underground  westward  and  southward  from  Corby, 
between    Brigstock    and    Sudborough,    between    Addington    and 

Finedon,  and  between  Iiarton  SeagTave  and  Kettering. 

This  tnain  ironfield  (ii)  may  be  more  closely  denned  for  the 
present  purpose  a-  bounded  roughly  by  the  positions  of  the  follow- 
ing towns  and  villages,  from  uortn-wesl  round  by  south  to  north- 
east: Rockingham,  Wilbarston,  Desborough,  Brixworth,  l. 
Barton,  Wollaston,  Chelveston,  Denford,  Lowick,  Brigstock  and 
Deene.  It  ha-  a  total  area  of  about  L90  square  miles,  re  luce 
a  possible  area  of  ironstone-production  to  about  132  squan  miles 
by  surface-erosion  along  1  lie  valley-. 

There  ace,  however,  certain  -mall  parts  of  this  area  in  which 
the  ironstone  has  been  found  to  be  absent  or  of  poor  quality,  and 
one  considerable  tract  in  which  its  commercial  value  can  he 
assumed  only  by  analogy  of  the  surrounding  ground.  On  the 
drift-covered  plain  between  Rockingham  and  Corby  (Northants) 
boulder-clay  rests  aormally  upon  the  lower  beds  of  the  Inferior 
Oolite;  yet  locally  it  rests  upon  beds  below  the  ironstone  a-  was 
ascertained  by  boring  on  the  wesi  side  of  the  railway  two  Toiler 
north  of  Corby;  bnt  there  is  no  reason  to  suppose  this  state  of 
things  prevalent  in  the  neighbourhood. 

A  shallow  syncline  between  Brigstock  and  Geddington  trends 
westward  towards  Brampton1;  and  borings  along  a  transverse  line 
ceased  to  reach  the  ironstone  at  the  expected  depth  in  this  trough, 
There  is  no  ground  for  doubting  the  presence  and  quality  of  the 
ironstone  there;  but  in  the  absence  of  evidence  ironstone  has  not 
there  been  indicated  on  the  map,  though  included  in  the  estimate 
of  probable  reserves. 

In  certain  other  tract-  on  the  borders  of,  and  within,  the  main 
oretield  the  ironstone  becomes  too  siliceous  for  general  Use  under 
existing-  conditions,  and  is  not  represented  as  iron-tone  on  the 
map.  This  deterioration  has  been  found  eastward  of  a  line  run- 
ning from  Lowick  by  Islip  village  ami  thence  easl  oi  the  1-lip 
furnaces;  though  the  ore  was  formerly  worked  farther  easl  at 
Woodford    and    Great     Addington,    and    ha-    prOTed    workable    at 

Denford.  Again,  between  Cranford  and  Marion  Seagrave  the 
ironstone  becomes  in  place-  siliceous  or  thin,  while  on  th  >  west 
side  of  the  I-e  valley  and  the  Kettering  —  Wellingborough  rail- 
way-line, it  has  been  found  too  siliceous  uear  Orlingbury  and 
Pytchley,  a-  also  west-south-westward  from  Kettering  in  the 
direction  of  Lamport. 

Since  in  the  south-western  region  a  rapid  and  general  deteriora- 
tion take-  place  westward  oi  Towcester,  Gayton  ami  Duston,  and 
a  similar  deterioration  is  believed  to  extend  for  a  considerable 
distance  aorth- eastward  from  Duston  and  Northampton  in  the 
direction  "i  Orlingbury,  Pytchley  and  Kettering,  the  little 
explored  central  area  of  the  south-western  part  oi  the  main  iron- 
field  is  not  represented  on  the  map  a-  containing  Ironstone.  It 
probably,  however,  contains  more  serviceable  ore  than  i-  tl 
indicated,   because  the  ironstone  seems  to  be  oontinuouslv  l 

1    Sc,      PI.    VI        Sect    I.    which     tr  of    Si 

There  is  probably  *  greater  extent  of  i>xt<>ni  •  lay  beneath  the  J >rif t  in  this 
neighbourhood  than  is  Rhown  apon  the  one-inch  man. 
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on  the  west  and  north  sides  from  Spratton  and  Brixworth  to  Lod- 
dington  and  Kettering,  and  is  also  good  on  the  east  side  in  the 
neighbourhood  of  Earl's  Barton  and  Wellingborough. 

In  the  main  ironheld,  as*  in  the  northern  division  northward 
to  Grantham,  ironstone-working,  both  at  the  suriace  and  under- 
ground, is  concentrated  principally  upon  the  flat  or  slightly- 
undulating  strata  of  the  broad  outer  area  of  outcrop,  incompletely 
isolated  by  the  Nene  valley  from  the  final  disappearance  of  the 
ironstone-bed  eastward  under  cover.  Of  this  area  the  greater 
part  lies  between  the  valleys  of  the  Nene  and  its  western  affluent 
the  Ise.  The  valley  of  the  Ise  completely  detaches  the  south- 
western part,  in  which  the  beds  assume  a  decided  dip  to  east- 
south-east;  and  numerous  small  tributary  valleys  on  the  west 
considerably  reduce  the  extent  of  ironstone  oil  that  side. 

Comparatively  little  ironstone  has  been  worked  on  the  south- 
east side  of  the  Nene  valley,  and  the  ore  has  not  been  followed 
underground. 

In  (iii.)  the  south-western  district  (see  map,  PI.  VIII)  the  prin- 
cipal area  of  ironstone  extends  along  the  outcrop  from  Winston 
westward  by  Cogenhoe  to  the  Hunsbury  Hill  Ironworks  between 
Northampton  and  Gayton,  and  continues  southward,  beyond  a 
broad  valley  in  the  Lias,  to  Towcester.  All  this  area  lies  south 
of  the  River  Nene,  but  a  small,  though  important,  extension  oa 
the  north  side  has  been  worked  between  Northampton  and  Duston. 
A  line  from  Duston  to  Towcester  marks  the  western  limit  of  all 
recent  working.  Westward  of  this  line  the  ironstone  appears  to 
become  generally  too  siliceous,  though  here  and  there  it  recovers 
sufficiently  to  have  been  worth  using  before  the  wide  distribution 
of  ironstone  in  Northamptonshire  was  discovered.  It  was  formerly 
quarried  for  some  years  south  of  Church  Stowe  and  at  Culworth 
(9  miles  west  of  Towcester,  outside  the  area  of  PI.  VIII) ;  and  an 
attempt  has  been  made  to  mine  it  at  Steeple  Aston1  in  Oxfordshire. 
With  this  doubtful  exception  no  ore  of  commercial  value  is  known 
at  this  horizon  anywhere  south-westward  beyond  the  borders  of 
Northamptonshire. 

Little  is  known  about  the  Northampton  Ironstone  after  it  passes 
finally  under  the  cover  of  newer  formations,  but  borings  and  sink- 
ings in  search  of  water2  show  that  the  ironstone  does  not  persist 
continuously  for  any  great  distance  eastward  and  south-eastward. 

In  Lincolnshire,  the  Northampton  Ironstone  can  be  represented 
only  by  8  feet  6  inches  of  '  light  rock  '  amongst  clays  assigned  to 
the  Lower  Estuarine  Series  in  a  bore-hole  at  Woodhall  Spa3  (see 
PI.  V).  The  description  suggests  the  absence  of  real  ironstone 
and  in  this  is  supported  by  the  analogy  of  other  borings  and  well- 
sinkings  farther  south.  At  Martin;  between  Martin  and  Billing- 
hay;  at  Silk  Willoughby ;  south-west  of  Haydor;  north-west  of 
Haceby;  and  at  two   points    south-west   of    Corby  (Lines.),  bore- 

1  'Jurassic  Rocks  of  Britain  '  (Ment.  Ueol.  Surv.),  vol.  iv,  1894,  p.  496. 

2  See  'Water  Supply  of  Lincolnshire'  'Mem.  Geol.  Surv.),  1904;  'Water 
Supply  of  Bedfordshire  and  Northamptonshire,'  ibid.,  1909;  L  Thicknesses  of 
Strata.'    ibid.,    1916,   from  which   the  followmg  data  are  taken. 

3  'Water  Supply  of  Lincolnshire'  (Mem.  Geol.  Surv.),  1904,  p.  192.  The  pesi- 
tions  of  this  and  of  all  the  following  bore-holes  and  wells  are  shown  on  the  maps 
[Pis.  Vand  VIII]. 
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holes  and  wells  have  all  proved  the  Lincolnshire  Limestone  to  rest 
directly  upon  the  Upper  Lias  clay.  Slightly  westward  of  this 
line  oi  bore-holes  and  wells,  a  boring  at  Digby  proved  6  feet 
6  inches  of  clay  resting'  upon  1  foot  of  rock,  between  the  Lincoln- 
shire Limestone  and  '.he  i  pper  Lias;  another  .it  Quarrington, 
fi  inches  of  clay  upon  7  feet  of  '  blue  rock  '  (there  being  nothing 
in  this  description  to  suggest  real  ironstone);  and  a  well  at 
Boothby  Pagnal,  9  feet  of  'blue  sandy  limestone'  in  the  same 
position. 

Thus,  eastward  of  the  outcrop  of  workable  iron-ore  in  Lincoln- 
shire the  ironstone  diminishes  in  thickness,  until  at  a  distance 
decreasing  from  9  to  2|  miles  between  Martin  and  the  Corby 
bore-holes  the  whole  group  of  strata,  including  the  ironstone, 
between  the  Lincolnshire  Limestone  and  the  Upper  Lias,  is  gene- 
rally, if  not  everywhere,  missing  for  24  miles. 

From  Castle  Bytham,  4  miles  south  of  Corby,  to  the  neighbour- 
hood of  Stamford  there  is  no  evidence  of  ironstone  having  been 
found  either  underground  or  at  the  surface  in  the  eastern  part 
of  the  Lower  Oolite  outcrop. 

In  Northamptonshire,  borings  at  Glinton  and  near  Marholm, 
north-west  of  Peterborough,  again  show  the  Lincolnshire  Lime- 
stone to  rest  directly  upon  the  Upper  Lias.  Another  at  Castor, 
west  of  Peterborough,  gives  15|  feet  of  grey  sand  as  representing 
the  whole  Northampton  Sand  above  the  Upper  Lias,  the  Lincoln- 
shire Limestone  having  died  out;  and  in  this  connexion  the 
unusually  sandy  character  of  the  ironstone  at  Easton,  the  nearest 
working,  may  be  recalled  [see  p.  150).  There  is,  moreover,  no 
ironstone  in  the  beds  representing  the  Xorthampton  Sand  on 
the  north  side  of  Peterborough,  as  proved  by  borings  at  Xew 
England  and  Dogsthorpe. 

Farther  south  (PL  VIII),  borings  near  Ashton  and  at  Clapton 
again  show  a  complete  absence  of  ironstone  in  the  sands  and 
clays  between  the  Great  Oolite  Limestone  and  the  Upper  Lias: 
and  still  farther  south,  at  Bedford,  another  boring  gave  the  same 
result.  Westward  of  this  line,  on  the  south  side  of  Eushden,  the 
ironstone  is  recorded  as  only  3  feet  thick. 

While  perhaps  no  one  of  these  records  is  by  itself  conclusive, 
the  cumulative  evidence  is  sufficient  to  prove  that,  even  a  short 
distance  beyond  its  final  disappearance  under  cover,  the  ironstone 
is  absent  for  many  miles  in  Lincolnshire,  and  is  not  persistent 
continuously  in  Northamptonshire.  In  fact,  along  the  line  so  ex- 
plored, the  above  data  justify  a  strong  preemption  of  the  entire 
absence  of  workable  ore  from  Woodh  >11  Spa,  in  Lincolnshire, 
to  Clapton,  in  Northamptonshire.  On  the  question  of  its  possible 
reappearance  still  farther  east,  practically  no  evidence  exists. 

In  view  of  the  above  facts,  it  would  be  vain  to  look  for  a  great 
development  of  the  Northampton  Ironstone  under  covei  south- 
eastward of  its  main  area  merely  on  the  ground  of  a  possible 
original  continuity  with  the  greai  development  of  ironstone  at 
the  Bame  horizon  in  Lorraine. 

Considering  thai  also  in  its  most  westerly  extensions  in  North- 
amptonshire and  Lincolnshire  the  Northampton  Ironstone  rapidly 
deteriorates,  it  appears  likely  that  the  original  main  area  of  iron- 
stone-formation at  this  horizon  in  the  east-mi. Hand  counties  was 
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much  elongated  in  a  general  direction  slightly  east  of  north, 
and  that  it  has  been  exposed  without  being  very  greatly  reduced 
by  the  accident  of  denudation. 

History  and  Development. 

As  in  the  case  of  the  Frodinghani  ore,  abundant  Roman  slag 
and  other  remains  have  been  found  in  opening  up  the  ironstone 
in  Northamptonshire.  Domesday  Book  mentions  '  Ferraria  ' 
['  iron-forges,'  '  bloomeries  ']  at  Gretton  and  Corby  [Northants] 
m  Edward  the  Confessor's  reign1;  and  also  records  'seven 
foreigners  '  as  having  three  iron-forges,  worth  40s.  8d.  yearly, 
at  Castle  Bytham  in  South  Lincolnshire,  where  there  is  an  inlier 
of  Northampton  Sand.  Later  records  show  that  royal  furnaces 
were  in  work  at  Geddington  from  the  time  of  Henry  II.  to  that 
of  Henry  III.2  "In  mediaeval  times,  the  district  of  Rockingham 
Forest  vied  with  that  of  the  Weald  of  Sussex  and  Kent  as  a 
great  iron-producing  district.  The  Xornian  Castle  of  Rocking- 
ham is  said  to  have  been  built  for  the  protection  of  the  iron- 
furnaces.  .  .  .  Throughout  nearly  the  whole  of  the  district 
.  .  .  enormous  masses  of  slag  .  .  .  testify  to  the  extent  to 
which  the  manufacture  of  iron  was  carried  on  in  the  area  in 
ancient  times. 

"  The  causes  of  the  decline  of  the  iron-manufacture  in  this 
district  were  the  same  as  those  which  operated  so  powerfully  in 
the  case  of  the  Wealden  district  of  the  south  of  England.  In 
the  first  place,  the  enactment  of  rigorous  laws  to  prevent  the 
reckless  destruction  of  timber-trees  by  the  charcoal-burner 
operated  powerfully  by  restricting  the  supplies  of  fuel.  In  the 
second  place,  the  discovery  of  the  possibility  of  smelting  iron- 
ores  by  means  of  coal  and  coke  caused  the  transference  of  the 
industry  to  the  coal-bearing  districts.  .  .  .  For  about  two 
centuries  the  iron-manufacture  was  thus  wholly  banished  from 
the  district,  and  scarcely  a  tradition  of  its  former  importance 
remained."3 

It  was  not  revived  until  the  latter  half  of  the  nineteenth 
century. 

In  1851,  or  a  little  earlier,  Percy  made  a  rough  analysis  of  a 
siifcimen  of  Northampton  Ironstone  submitted  to  him,  but  did  not 
form  a  favourable  opinion  of  it  as  an  iron-ore.  Shortly  after- 
wards richer  specimens  were  obtained,  and  on  investigation  an 
extensive  deposit  of  ore  was  found.4 

In  1855  the  Northampton  Ironstone  was  first  worked  in  the 
neighbourhood  of  Blisworth  and  Weedon,  at  the  south-western 
pxtremity  of  the  ironstone-area,  74,084  ten-  ■  '  ore  being  raised  in 
that  year.5 

In  185T  two  ironworks  (both  long  since  dismantled) — the 
Heyford  Works,  near  Weedon,  with  two  furnaces,  and  the  East 
End  Works  at  Wellingborough,  with  one—  had  opened,  and  iron- 


1   J.  D.  Kendall,  'iron  Ores  of  Great  Britain,'  18W5,  p.  41. 
-1  IUd. 

3  '  I  eology  of  Rutland  '  (Mem.  Geol.  Surv.),  187.1,  p.  110. 

4  '  Metallurgv  of  Iron  and  Steel,'  p.  225 

5  I:.  Meade,  '  Coal  and  Iron  Industries  of  the  United  Kingdom,'  1  882,  p.  548. 


IIISTOHY  AND  DEVELOPMENT.  L56 

stone-working  had  extended  to  Northampton  and  Desborongh,  the 
total  mil  put  of  ore  reaching  140,485  tone  in  1858. J 

In  L859  the  ironstone  was  being  gol  also  a1  Duston,  at  Coj 
(where  it  waa  mined  by  adits2),  al  Easl   End  (Wellingborong 
and  near  Stamford,  so  that  it  was  then  known  al  both  enda  oi  the 
Norl  hamptonshire  ore-field. 

In  1864  it  was  being  obtained  also  at  Brixworth,  Glendon  (north 
of  Kettering;  it  is  -till  one  of  the  most  important  centrea  of  the 
industry),  and  Xevill  Holt;  while  the  Heyford  work-  Were  partly 
supplied  with  ore  from  quarries  near  Church  Stowe,  Long  since 
abandoned. 

In  1866  two  more  ironworks,  the  [rthlingborough  Works 
(Wellingborough)  and  the  Grlendon  Conn  orka  at  Finedon, 

had  opened,  six  Eurnacea  being  in  hi  ts1  in  Northamptonshire.  The 
Finedon  Works  were  then  drawing  local  ore  from  Finedon. 

By  L872  ironstone-working  had  extended  to  Woodford  (where 
the  ore  was  mined8),  Burton  Latimer,  [rchester,  Irthlingborough, 
[slip  and  Ringstead,  the  [slip  furnaces  being  by  then  in  blast. 
The  Northampton  iron-industry  may  he  considered  to  have  become 
firmly  established  and  general  by  that  time,  there  being  nine  fur- 
naces in  blast  and  the  ironstone-output  having  exceeded  1,000.000 
tons  in  1872.'  It  appears  that  the  chief  seat  of  the  industry  had 
passed  from  the  south-western  extremity  to  the  central  pari  of  the 
ironfield. 

The  output  of  pig-iron  increased  from  9,750  tons  to  178,714  tons 
between  18-">8  and  1880,6  in  which  year  the  following  work-  and 
furnaces  were  m  operation.6 


Furnaces. 

Built  or 

Works. 

Situation. 

building. 

In  blast 

O'ransley 

...     S.W.  of  Kettering 

2 

2 

Finedon 

...     W.  of  Finedon 

."> 

5 

Heyford 

...     S.E.  of  Weedon    ... 

3 

2 

Hunsbury  Hill 

...     S.W.  of  Northampton 

o 

2 

Irthlingborough 

F.  of  Wellingborough 

:\ 

2 

Tslip    ... 

...     Near  Tslip 

4 

•_> 

Kettering       

N.W.  of  Kettering 

•> 

-_> 

Stowe 

...     F.  of  Chnroh  stowe.  near 

2 

0 

W ton. 

— 



Total 

23 

IT 

The    Finedon,  Heyford    and    Stowe  works,  as  well  as  another 

works   built    later  north   of   Towcester,    have   long  since   been   dis- 
mantled. 


1   '  Mineral  Statistics  of  the  raited  Kingdom  '  [Mem    I 
(op.  cit.,  p.  552)  gives  the*  ate  of  opening  of  the  Bast  End  Works  as  early  in  1852, 
and  states  that  Northampton  "re  wis  then  being  used  at  th 

J  Meade,  op.  cii .  p.  639. 

■  Ibid. 

1  "  Mineral  statist  es  of  the  Dotted  Kingdom.1 

Ilea  e,  op.  <-it..  pp.  565-6. 

6  Ibid.,  p.  555. 
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The  annual  output  of  Northampton  Ironstone  in  Northampton- 
shire alone,  for  every  fifth  year  from  1860,  has  been  as  follows  :  — 

{From  Mineral  Statistics  of  the  United  Kingdom). 
Year.  Output  in  tons. 

1860 95,664 


1865  .. 

1870  .. 

1875  .. 

1880  .. 

1885  .. 
1890  .. 
1895  .. 
1900  .. 
19061.. 
19121.. 
1915  .. 


{From  Home  Office  Records). 


364.349 

761,248 

1,085,899 

1,550,013 

1,160,000 
1,278,381 
1,082,352 
1,622,539 
2,250,583 
2,527,840 
2.517,150 


The  ascertained  areas  of  ironstone  worked  out  are  represented, 
approximately  to  scale,  on  the  maps  (Pis.  V  and  VIII),  which 
show  nearly  all  the  more  important  areas  so  worked  at  any  time, 
as  well  as  all  the  areas  recently  worked.  But  they  do  not  show 
some  of  the  earlier  workings,  the  extent  of  which  could  not  readily 
be  traced.     Such  earlier  workings2  were  located  at:  — 

Situation.  Years  working.  Situation.  Years  working. 

(Lincolnshire) 


Washingborough,3  W. 

of 

1874 
(Rutland) 

Manton          

1887 

Ridlington  ... 

— 

(Northampt 

onshire). 

Culworth  (outside  PI. 

Raunds1 

1881 

VIII:  9  miles  W.  of 

Ringstead  ... 

1872-91 

Towcester) 

1873-7 

Shutlanger  (Shv 

ittle- 

Great  Addington  (N. 

hanger)    ... 

1873^ 

of  Little  Addington) 

1881-5,  1891-2 

Spratton 

1877-82 

Hardingstone5        ( 1  \ 

— 

Stamford     . . . 

1859-76 

miles  S.S.E.  of  Nor- 

(intermittently). 

thampton) 

— 

Thrapston  ? 

1873-? 

Irch  ester 

1872-80,  1893 

(Working  in  1881). 

Med  bourne    ... 

1873 

Wollaston   ... 

1875-? 

XevillHolt 

1864-5 

(working  in  1881). 

Northampton 

1877-? 

Woodford    ... 

1867-91 

Of  these  only  the  workings  at  Irchester,  Bingstead,  "Wollaston 
and  Woodford  are  likely  to  have  been  at  all  extensive. 

Besides  these,  former  working  was  more  extensive  than  the  map 
indicates  at  Desborough  (from  1856),  Cransley  (1  mile  S.W.  of 
Kettering,  1877-88),  Wellingborough  (from  1858),  Irthling- 
borough  (from  1871),  Blisworth  (from  1855),  Easton  Neston  (N.E. 
of  Towcester,  from  1873),  and  near  Church  Stowe  (1855-65). 

1  The  figures  for  1905,  1910,  1911  include  small  amounts  of  other  ores  raised 
in  neighbouring  counties. 

2  From  '  Mineral  Statisticsof  the  United  Kingdom  '  and  Home  Office  Records. 

3  J.  Dalglies'i  and  R.  Howse,  'Some  Remarks  on  the  Beds  of  Ironstone  occur- 
ring in  Lincolnshire,'  Trans.  N.  of  Eng.  Inst.  Min.  and  Mech.  Eng.,  vol.  xxiv, 
1875,  p.  30 

4  Meade,  op.  cii.,  pp,  547  and  552. 

5  Ibid. 
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Apparently  a  very  small  amount  has  been  mined  at  Steeple 
Aston '  in  I  (xfordshire. 

1  Iutptjt  and  Reserves. 

The  following  figures,  based  upon  'Mineral  Statistics  of  the 
United  Kingdom  '  and  the  Later  Home  Office  records,  may  lie  taken 
to  represent  approximately  the  amonnl  of  Northampton  Ironstone 
worked  out  between  the  years  L855  and   1916,  inclusive:  — 

Toi 

Lincolnshire  7,500,000 

Rutland 3,600,000 

Northamptonshire  77,500 1 


Total   ...  88,500,001 » 

The  figures  for  Northamptonshire  should  be  reasonably  accurate; 
those  for  Lincolnshire  and  Rutland,  for  which  the  Home  Office 
returns  oi  ironstone  combine  different  ores  from  one  or  more 
counties,  are  modified  in  accordance  with  estimates  based  on  areas 
worked  out,  in  relation  to  assumed  average  thickness,  the  result 
being  merely  a  rough  approximation. 

At  the  present  time  32  companies  or  individual  employers  are 
working  the  Northampton  [ronstone  in  these  three  counties.  They 
comprise  nearly  all  the  iron-makers  of  Northamptonshire,  and 
some  of  other  districts,  together  with  ironstone-companies  owned 
by  or  affiliated  to  the  iron-producing  companies;  as  well  as  inde- 
pendent companies  or  employers  raising  the  ore  for  sale. 

The  number  of  separate  workings  is  three  in  Lincolnshire;  four, 
of  which  one  is  only  just  starting,  in  Rutland  ;  and  about  54  in 
Northamptonshire,  the  definition  of  a  separate  working  being 
arbitrary. 

The  output  of  Northampton  Ironstone  in  1917  amounted  to2:  — 

08. 

Lincolnshire  350,193 

Rutland :{71.854 

Northamptonshire  ...         ...         ...         ...     2,561,459 


Total    ...     3,292,506 

The  figures  -how  a  considerable  increase  over  those  for  the  pre- 
ceding year;  and  the  rate  oi  increase  was  •-till  maintained  in  the 
Bpring  of  1918. 

An  estimate  oi  areas  indicated  on  Pis.  V  and  V 1 1 1  as  likely  to 
contain   reserves  oi    Northampton    [ronstone  oi   workable  quality 

es  the  Following  figures  on  the  assumption  thai  our  acre] 
in  thickness  yields  2,500  tons  oi  or<  , 

1  'Jurassic  Rooks  of  Britain  '  (M>m.  '.'.<>/.  S  - 

-    From  the  Ministry  of  Munitions. 

;  The  centra]  ]*ut  of  the  synclinal  trough  between  Brampto  n  and  Brigstock 
(PL  Vllh  is  included,  though  not  shown  on  the  map aa  iroi 

Vol.  xii.  l 
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Total  estima- 
ted ar-a  of 
un  worked 
ironstone  in 

ac:>;<. 

Total 

ironstone 

content  in 

tons. 

For  open- 
cast working 
(tons). 

For 

mining 

> 

Total 
(tons). 

Minus  loss  of 

10  per  cent,  for 

pillars. 

(tons.) 

Lincolnshire 
.Rutland 

23,750 
6.900 

475,000,000 

118.000,000' 

54,000,000 

(at  least) 

(nearly  all 

66,000,000 

(at  least  ; 

probably 

much  more) 

(little). 

59,000,000 

Northamptonshire 

80,400       1 

,715,000,000 

opencast) 
1,182,000,000 

533,000,000 

480,000,000 

Total 

110:050       i 

,308,000,000 

111  these  estimates  no  allowance  is  made  for  ore  left  as  a  roof  in 
mining  :  so  far,  such  ore  lias  not  always  been  recovered,  though, 
generally  speaking,  it  probably  could  be. 

The  estimated  area  in  South  Lincolnshire  (PI.  V)  may  con- 
veniently be  divided  thus  :  — 

(i)  Area  tying  mainly  in  the  triangle  between  the  villages  of  Buckminster, 
Stainby  and  Skillington.  where  there  is  good  evidence  of  large  re- 
serves at  or  close  to  the  surface :  estimate  51,000,000  tons. 

(ii)  The  rest  of  the  estimated  area  northward  to  Stoke  (Rochford),  hi 
which  exploration  has  been  fairly  adequate :  a  small  part  west  of 
Skillington  would  certainly  have  to  be  mined  ;  but  in  much  of  this 
ground  open  working  or  raining  migut  be  optional:  estimate 
112,000,000  tons,  from  which  5-6,o00;0u0  tons  s.ould  be  deducted 
for  loss  hi  pillars  if  half  this  area  were  mined. 

(hi)  A  farther  area  northwards  to  Grantham,  hi  which  exploration  haa 
not  been  adequate,  but  indications  support  a  continuance  of  good 
ore :  some  of  this  eastward  of  the  mam  valley  would  necessarily 
require  miahig,  and  probably  mucn  more  of  the  area  would  be  mined  : 
estimate  288,000,000  tons,  from  which  1-1-15,000,000  tons  should 
be  deducted  for  pillars,  if  hah  the  area  were  mined. 

In  Mid  Lincolnshire  some  of  the  ground  between  Leadenham 
and  Lincoln,  a  tract  much  of  which  contains  ironstone  not  far 
below  a  profitable  commercial  standard,  may  prove  to  contain 
workable  ore ;  wnich  may  also  exist  locally,  but  not  everywhere, 
north  of  Lincoln  as  far  as  Blyborough. 

Again,  mainly  in  Rutland,  it  is  possible  that  considerable 
unproved  reserves  may  exist  between  Ketton  (Rutland)  and 
Stainby  (S.  Lines.),  but  in  view  of  the  probable  eastward  deterio- 
ration of  the  ironstone  in  that  neighbourhood,  it  would  be  unwise 
to  count  on  such  reserves. 

In  North  Northamptonshire  a  considerable  tract  of  unproved 
ground  lies  between  Weldon  (PL  VIII.)  and  Wakerley  (PL  V), 
and  is  quite  likely  to  contain  areas  of  workable  ore. 

For  the  most  part  ill  such  areas  are  excluded  from  the  above 
estimates.  Nor  in  them  is  any  account  taken  of  possible  reserves 
existing  beyond  the  final  disappearance  of  the  ironstone  under 
cover  eastward  and  south-eastward  of  the  Nene  valley  in  North- 
amptonshire. 

From  these  estimates  and  from  those  of  output  on  p.  157  it 
follows  that  less  than  one  twenty-third  part  of  the  total  ironstone- 
content  of  the  Northamptonshire  ironfield  has  been  got  out  in  the 

1  This  estimate  includes  certain  areas  proved  and  leased  since  the  estimate 
published  in  '  Summary  of  Progress  for  1917  '  was  made. 
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62  years  from  1855  to  1916  inclusive,  and  les-  than  one  twenty- 
sixth  part  of  the  total  Northampton  Ironstone  in  the  three  coun- 
ties; also  that  at  an  annual  output  of  -5,000, 000  tons  the  reserves 
of  the  same  ironstone  in  these  counties  should  Last  rather  more 
than  760  veins. 

Mi. i bods  of  Working. 

The  maps  (Pis.  V  and  Yillj  show  at  a  glance  that  the  distribu- 
tion of  the  ironstone-workings  depends  mainly  upon  the  railways, 
which  themselves  for  the  most  part  follow  the  principal  river- 
valleys,  on  the  Hanks  of  which  the  ironstone-bed  crops  out.  Con- 
sequently opencast  working  starts  usually  at  the  outcrop  of  the 
bed  in  tlie  close  proximity  of  a  railway,  and  mining,  where  done 
at  all,  is  carried  on  by  adits  from  the  outcrop. 

By  far  the  greater  pan  oi  the  output  is  obtained  by  open  work- 
ing under  an  amount  of  cover  varying  from  1  or  2  feet  up  to  a 
maximum  of  about  45  feet.  A  thickness  of  20-30  feet  of  cover  is 
quite  commonly  removed.  This  cover,  where  at  all  thick  and  not 
composed  of  Glacial  drift,  usually  consists  largely  of  the  white 
and  rather  pure  quartz  sand  of  the  Lower  Estuarine  Series.  The 
sand  is  generally  treated  as  waste  material,  but  in  one  case 
it  is  sold  tor  '  pug-ganister,'  and  perhaps  elsewhere  might  be  dis- 
posed of  profitably. 

The  nature  of  the  cover  may  determine  the  method  of  working 
as  between  opencast  and  mining,  for  some  of  the  stone  is  mined 
at  less  depth  than  the  deepest  opencast.  The  value  of  the  lime- 
stone above,  whether  Lincolnshire  Limestone  or  Great  Oolite,  for 
fluxing  or  other  purposes  may  be  decisive  in  favour  of  open  work- 
ing; or  the  hardness  and  intractability  of  some  beds  may  necessi- 
tate mining  at  a  very  shallow  depth.  On  the  whole,  a  depth  of 
about  40  feet  may  be  taken  to  mark  the  division  between  open- 
cast and  mining  areas.1 

In  the  majority  of  workings  at  the  present  time  the  cover  is 
removed  and  the  ironstone  worked  entirely  by  hand;  but  in  the 
deeper  open  workings  and  in  most  of  the  larger,  machinery  is 
commonly  used  for  removing  the  cover;  but  seldom  for  the  ore. 
At  the  present  time  the  tendency  is  to  extend  the  use  of  steani- 
diggers  for  both  cover  and  ore,  but  in  some  places  the  limestone  of 
the  cover  may  be  too  strong  for  the  steam-digger,  which  in 
any  case  would  scarcely  be  used  where  the  Limestone  is  required  for 
fluxing  and  must  not  be  mixed  with  the  sands  or  clays  below. 
Blasting  is  not  usually  needed. 

The  method  oi  working  the  ere  aims  at  obtaining  it  in  a  condi- 
tion suitable  tor  the  furnace;  and  in  view  of  the  varying  hard 
oi  the  weathering  ore,  this  consideration  probably  explains  the 
general,  but  nol  universal,  preference  for  hand-labour.  In  one 
c:is,.  the  Bteam-digger  is  said  to  give  better  results  owing  to  the 
brittle  character  ol  the  ore.  Generally  the  whole  thickness  is  got 
from  top  to  bottom  by  pick  and  -howl  in  one  course.  In  a  few 
quarries  the  soft  lower  part    is  i  1  with  the  pick  and  the 

1   The  broken  line  drawn  on  the  maps  aims  at  Bepai  aid  that  is  mined 

or  that  must  necessarily  be  mined,  within  OI  eastward  oi  the  line,  from  tl. 
of  the  ironstone  area,  and  does  not  mark  a  constant  depth  of  40  ft. 
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rest  prised  down  with  crowbars,  in  masses  of  20  tons  or  more, 
which  break  automatically  into  fragments  suitable  for  the  furnace. 

At  the  present  time  mining  is  carried  on  only  in  that  part  of 
the  main  ironfield  of  Northamptonshire  which  lies  in  the  angle 
between  the  rivers  Xene  and  ±±e,  southward  from  Cranford  and 
Islip.  Mining  has  also  been  done  in  recent  years  alternatively 
with  opencast  working  at  Lincoln.  In  former  years  the  ore  was 
mined  at  Woodford  and  Cogenhoe  {.see  p.  lob),  and  for  a  short 
time  at  Coleby  in  Lincolnshire.  All  mining  is  done  by  adits, 
on  the  pillar-and-stall  system.    Blasting  is  usually  necessary. 

The  ironstone  has  no  good  roof  as  a  rule;  and  some  of  the  upper 
stone  is  left  in  to  make  a  roof ;  but  the  stone  so  left  may  be  excep- 
tionally less  than  1  foot,  and  may  be  recovered  finally.  In  the 
extreme  south-western  district,  between  Towcester  and  Northamp- 
ton, the  only  part  of  the  ironfield  where  the  ore  is  likely  to  have 
a  good  natural  roof  in  the  sandstone  there  overlying  it,  no  mining 
has  yet  been  attempted. 

The  genera]  distribution  of  the  ironstone-workings  in  relation 
to  the  main  railways  has  been  noted  above.  In  a  few  cases,  how- 
ever, the  construction  of  standard-gauge  mineral  lines,  e.g.,  that 
from  Kettering  to  the  Cransley  furnaces  and  the  Loddington 
quarries,  and  tne  new  line  from  Grantham  through  the  ironstone- 
area  of  South  Lincolnshire,  has  facilitated  the  working  of  iron- 
stone at  a  greater  distance  from  the  main  railways.  In  other 
cases  short  standard-gauge  lines,  owned  either  by  the  railways  or 
by  the  companies  working  the  ore,  run  from  railway-sidings  to 
the  quarries,  the  ore  being  loaded  direct  into  standard-gauge 
trucks.  More  commonly  the  ore  is  loaded  into  tubs  running  on 
narrow-gauge  rails,  in  some  cases  to  a  gravitation-plane  or  an 
aerial  ropeway.  In  the  newest  mines  small  electric  engines  are 
used  for  haulage. 

Tkeatmext  of  the  Ore. 

Calcining  is  done  sometimes  in  kilns,  but  from  South  Lincoln- 
shire southward  more  usually  in  the  open  in  heaps,  containing 
each,  it  may  be,  as  much  as  50,000  tons  of  ore.  In  these  calcining- 
heaps,  known  in  some  parts  as  '  clamps,'  a  layer  of  coal  is  usually, 
but  not  always,  laid  at  the  base,  above  which  raw  ore  and  slack 
are  generally  tipped  alternately  in  sloping  layers,  or  less  frequently 
spread  horizontally.  The  weight  of  coal  and  slack  required  is 
remarkably  small  in  proportion  to  the  amount  of  ore  calcined. 
The  practice  of  calcining  in  the  open  lias  persisted  in  the  case  of 
the  Northampton  ore,  while  for  more  calcareous  ores  it  Las  been 
discarded,  as  rendering  them  too  friable  (see  Frodingham  Iron- 
stone, p.  84). 

In  consequence  of  its  amount  of  silica  and  phosphorus,  and  its 
deficiency  in  manganese,  the  Northampton  Ironstone  naturally 
produces  a  somewhat  siliceous  but  fluid  iron  adapted  for  such 
foundry-work  as  the  making  of  pipes  and  small  castings  in  which 
sharply  defined  detail  is  required  ;  and  in  normal  times  it  has 
been  used  chiefly  for  the  production  of  foundrv-iron  of  this  class 
and  of  forge-iron,  the  character  of  the  metal  being  controlled  1o 
a  certain  extent  by  furnace-management.     For  these  purposes  the 
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Northamptonshire  furnaces  use  Northampton  ore  alone  without 
admixture  of  other  ores.  -Hut  the  local  variation  oi  this  ironstone 
gives  some  scope  for  adapting  the  furnace-mixture  to  require- 
ments l>y  blending. 

The  Northampton  ore  is  sent  to  Leicestershire,  Nottingham- 
shire, Derbyshire,  Yorkshire,  aud  South  Lancashire,  for  mixing 
with  less  siliceous  ores,  as  well  as  to  South  Staffordshire  and 
Warwickshire,  where  it  is  employed  largely  in  combination  with 
the  calcareous  Oxfordshire  ore. 

The  abnormal  conditions  oi  the  present  time,  however,  demand 
the  production  of  basic  pig  for  Bteel-making,  and  for  this  the 
siliceous  Northampton  ore  requires  the  addition  of  manganese-ore 
or  manganiferous  tap-cinder,  the  manganese-ore  bo  used  being 
obtained  principally  from  India  and  Wales.  In  one  or  two  c 
a  small  proportion  of  calcareous  Marlstone  ore  from  Oxfordshire 
is  added.  Besides  this  recent  local  practice,  Northampton  Iron- 
stone is  now  being  used  also  in  South  Wales  for  -feel-making, 
without  admixture  of  other  iron-ore. 

The  flux  for  the  Northamptonshire  ;md  Leicestershire  furnaces 
is  supplied  by  the  limestones  above  the  ore,  the  Lincolnshire 
in  the  north  and  the  Great  Oolite  Lime-tone  southward  of  Ketter- 
ing. The  purer  Lincolnshire  Oolite  makes  a  better  flux  than  the 
rather  siliceous  Great  Oolite  Limestone.  The  Nottinghamshire 
and  Derbyshire  furnaces  that  use  Northampton  Ironstone  mixed 
with  Marlstone  ore,  have  the  advantage  of  fluxing  with  the  local 
Carboniferous  Limestone,  regarded  as  a  better  flux  than  the  Lin- 
colnshire Oolite,  though  little  purer. 

Where  the  calcareous  Marlstone  ore  of  Oxfordshire  is  mixed 
with  Northampton  ore,  the  addition  of  limestone  is  not  always 
required.  The  Northampton  mixed  with  Frodingham  Ironstone 
is  self-fluxing. 

The  following  seven  ironworks  are  now  in  operation  in  North- 
ampton-hire :  — 

Works.  Site. 

...     Corby 


Corby 
Cransley    ... 
Hunslmrv  Hill 
Irthlingborough 

Islip 

[Lettering  ... 
Welling  boi 


S  \V.  of  Kettering 

S  W.  .if  Northampton 

Wellingborough,     east 
Bide 

s  \V  oi  Islip 

Kettering,  N  \V  aide... 

Wellingborough,    N  E. 
Bide 


Owners. 
Lloyd's  Ironstone  Co., 
Ltd. 

1  ranslev  Iron  and 
Oo.,  Ltd 

Exors.   of  the  late   P. 

Phipps. 
Thos.  Ratlin  \- Co. .Ltd. 

Islip  Iron  Oo.,  Ltd. 
Kettering     Tr.>u     and 

Goal  Oo  .  Ltd. 
Wellingborough     Iron 


According  to  the  Home  Office  Records  there  were  20  furnaces 
in  Northamptonshire  in  l!»lii,  oi  which  eleven  were  in  blast.  In 
thai  year  the  total  amount  oi  pig-iron  made  in  the  county  waa 
284,520  tons,  produced  from  854,002  toi  -  the  balance  of 

the  total  2,022,121  tons  raised  representing  the  amoui  I 
to  other    districts. 
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Local  Details  :   Lincolnshire. 

The  most  northerly  workings  of  the  Northampton  Ironstone  in  Lincolnshire 
are  at  Greetwell  on  the  east  side  of  Lincoln,  where  the  Mid-Lincoln  Ironstone 
Co.  have  long  worked  this  ore.  The  amount  already  raised  here  amount'  to 
more  than  4,000.000  tons.  About  two-thirds  of  the  output  is  obtained  by  shal  ow 
mining  in  ordinary  times  ;  but  since  the  beginning  of  the  war  the  ore  has  been  got 
by  opencast,  the  choice  of  method  being  determined  mainly  by  the  prospect  of 
disposing  profitably  of  the  overlying  Lincolnshire  Limestone.  Recently  large 
quantities  of  the  lower  hard  limestone  have  been  supplied  for  road-material, 
while  the  softer  and  purer  beds  above  are  sold  for  lime-making. 

As  these  are  the  nearest  workings  of  the  Northampton  Ironstone  to  the 
Frodingham  ironfield,  the  output,  which  amounted  to  3,000  tons  a  week  before 
the  war,  is  used  for  mixing  with  the  Frodingham  ore. 

The  ironstone-bed  crops  out  along  its  normal  strike  on  the  west  side  of  Lincoln ; 
but  in  the  Witham  valley  it  remains  at  the  surface  for  a  considerable  distance 
eastward  of  Lincoln  ;  and  at  Greetwell  is  worked  from  its  outcrop  on  both  sides 
of  a  small  tributary  valley  north  of  the  Witham.  As  the  eastward  fall  of  the 
ground  nearly  keeps  pace  with  the  dip  of  the  beds,  mining  is  at  very  shallow 
depths,  and  the  amount  of  cover  in  the  Greetwell  workings  ranges  from  6  ft.  to 
about  50  ft. 

The  full  thickness  of  the  ironstone  varies  as  a  rule  between  9  feet  and  10  feet 
and  rarely  exceeds  12  feet.  It  thins  somewhat  rapidly  westward  of  the  workings 
and  is  said  to  thin  also  northward  and  eastward. 

The  folio-wing  measured  sections  illustrate  the  character  of  the  ironstone  and 
overlying  beds : — 

Section  South  of  Louth  Road,  f  mile  E.N.E.  of  Lincoln  Cathedral. 

Thickness. 
Lincolnshire  Limestone  (Inferior  Oolite) — ■  Ft.  In. 

Limestone  rubble  ...         ...         ...         ...         ...         ...         3     0 

Fine-grained     compact     cream-coloured     limestone,     thin- 
bedded,  with  few  oohths        ...         ...         ...         ...         ...         5    0 

Similar  limestone,  but  harder  and  thicker- bedded  :    bottom 

bed  brown         ...  ...  ...  ...  ...  ...  ...         5     0 

(The  above  limestones  sold  for  lime.) 
Hard    massive,     slightly    oolitic    limestone,    blue-hearted, 

weathering  cream-coloured  (sold  for  road  metal)  ...         ...         3     0 

Hard  massive    more  oolitic  and  shelly  rag-like  limestone, 

pale  pinkish-buff  (sold  for  road  metal)       ...         ...         ...         2     6 

Northampton  Ironstone — 

Brown  moderately  hard  decalcified  finely  oolitic  ironstone, 
with  deposit  of  brown  ferric  oxide  along  joints  and  bedding- 
planes  ('  box  structure  ;) :  up  to      1   10 

Soft  brown  finely  oolitic  ironstone,  with  little  '  box- 
structure,'  up  to  0     8 

Brown  finely  oolitic  ironstone  with  many  tabular  layers  of 
brown  oxide,  variable,  up  to 

Brown  oolitic  massive  ironstone  with  '  box-structure,"  up  to 

Dark  grey  and  dark  brown  very  finely  oolitic  ironstone, 
rather  soft 

Brown  rather  soft,  very  finely  ooJjjtic  ironstone,  with  close 
'box-structure'  ...         ...  '*    ... 

Dark  grey  soft  finely  oolitic  ironstone  

Dark  brownish-grey  harder  finely  dolitic  ironstone  ... 

Grey,  softer  rubbly-looking  finely  oolitic  ironstone,  about  ... 
Actual  total  thickness  of  ironstone,  about  8  ft.  6  in. 

Section  in  working  on  north  side  of  rorid  to  Fiskerton, 
about  1  mile  eas'  of  Lincoln  Cathedral. 

Thicknesr. 

Lincolnshire  Limestone   Inferior  Oolite) —  Ft.  In. 

Soil  and  limestone  rubble          12  ft.  to  16     0 

Massive  fine-grained  yellowish-brown  limestone,  3  ft.  3  ins.  to  0  10 

Massive  oolitic  limestone,  mottled  pale  pink  and  blue         ...  18 


0 
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6 

0 

6 
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6 
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7 
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9 

1 
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Ft 

Ins. 

0 

2 

0 

5 

o 

3 

0 

3 

Lower  Estuarine  Series — 

Soft  yellowish- brown  calcareous  and  sanrly  clay        

Soft  grey  si  lty  marl 

Northampton  Ironstone — 

I '.i  >  ■  n  ironstone  with     I  fcure  '  and  laminae  of   dark 

shaly  clay 

Brown  s  >ft  ironstone  not  visibly  oolitic 

Dark   brown   a  i  i   yellowish    br  rwn   harder  ironstone,   with 

ruofcure,    including  soft  marly  cores 3     6 

Layers  of  dark  brown  ferric  ox.de  interbe  Ide  1  with  oaler 

marly  ironstone  ...         ...         ...         ...  ■'•  ins.  to        0     5 

Brown  hard  marly  ironstone  with  crusts  of  ferric  oxide       ...         1     6 

Brown  marly  ironstone,  hard  and  soft,  with  box  structure : 
also  a  few  blue  cores,  some  soft,  some  hard  (only  the 
harder  and  fresher  cores  retain  a  Hne-grained  oolitic 
structure)  ...  ...         ...         ...         ...         ...         •••         2     6 

Upper  Lias — 

Blue  clay ...  — 

Total  ironstone,  about  8  ft.  5  in. 

X  me  of  the  ironstone  in  this  section  keeps  its  oolitic  structure,  except  the 
less  weathered  cores. 

It  is  noteworthy  that  in  both  these  sections,  as  generally  in  the  immediate 
neighbourhood,  the  Lower  Estuarine  sands  and  clays  are  either  absent  or 
represented  by  merely  a  few  inches  of  clay. 

Tne  lowest  bed  of  the  ironstone  frequently  contains  phosphatic  nodules, 
which  elsewhere  in  the  neighbourhood  south  o!  Lincoln  are  aggregated  in  a 
'  coprolite-bed.' 

The  following  is  an  analysis1  of  the  Greetwell  ironstone  : — 

Raw  ore,  as  received.  Per  cent. 

Iron 3381 

Iron  (driei at  100°  C.) 37-92 

Silica              16-75 

Alumina        8*28 

Lime...         ...         ...         ...         ...         ...         ...  3  37 

Magnesia       ...         ...         ...         ...         ...         ...  "72 

Manganese    ...         ...         ...         •••         •••         ■••  '20 

Sulphur         ■  Ifi 

Phosphorus *50 

Moisture       ...        ...        ...        ...        ...        ...  10*85 

Other  analyses  of  tin-  ore  give  : — 
Raw  or  . 

Iron 33-0— 34*5 

silica              M'O — 18 

Lime 4*0—  8"0 

• 
The  ore  as  mined     I  Qi  etwell  naturally  contains  (he  maximum  of  lime,  as 

well  as  having  much  of  its  iron  in  the  fe  roua  state  as  carb  mate.     Only  the  blue 
oarl  onate  ore  is  calcined,  in  kilns,  at  Greetwell. 

The  ironstone  was  wo  feed  ■•-  m  1874     i  a  small  ■  south  of 

the  Witham  near  Waahingborough,  where  there  may  bs  a  oonaidefable  reserve, 
for  the  estimation  of  which  however  DO  data  are  available. 

1    From  F.  11.  Batch.         \  if   British   Iron-ores  and  Iron- 

Btones  produced  in  1'.»17-1S'  [Minxttry  of  Mtmititm*  of  War),  1918. 
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At  the  same  date  it  was  being  workei  eastward  fr  m  its  outcrop  on  the  north 
side  of  Waduington,  4  miles  south  of  Lincoln.     The  old  quarry  shows : — 

Ft.  Ins. 
Soil about         1     6 

Lincolnshire  Limestone — 

Limestone     ...         ...         ...         ...         ...         ...         5     0 

Passage-bed  of  partly  decalcified  sandy  limestone 

flags  ...         .". 1     6 

Sandy   oolitic   ironstone,    with    '  box-structure,' 

seen  for     ...         ...         ...         ...         ...         ...         5     6 

(Bottom  of  ironstone  not  seen.) 

Farther  south,  beyond  Coleby  village,  where  the  ore  was  mined  eastward 
from  the  outcrop,  at  about  the  same  date,  the  following  section  of  the  tains  shaft 
has  been  published1 : — - 

[Lincolnshire  Limestone  (Inferior  Oolite) — J  Ft.  Ins. 

Lincoln  Oolite  45    0 

[Northampton  Ironstone — ] 

Peroxide       ...         ...  0  8 

Clay  mixed  with  Ironstone            ...         ...         ...  0  4 

Hard  blue  Ironstone           ...         ...         ...         ...  0  9 

Clay  Parting             0  3J 

Hard  blue  Ironstone           14 

Peroxide  Girdles      ...         ...         ...         ...         ...  0  1 

Soft  blue  Ironstone             ...         ...         ...         ...  0  9 

Nodule  bed,  blue 0  5 

Parting          0  0£ 

Ironstone  Nodules,  blue     ...         ...         ...         ...  0  6 

Blue  siliceous  Ironstone      ...          ...          ...         ...  1  1 

Blue  Nodule-bed      0  6 

Clay  with  Nodules 3  0 

Coprolite  Bed           0  3 

[Upper  LiaS — ] 

Blue  Lias  clay  ...  ...  ...         ...  ...  — 

Total  Ironstone,  10  ft. 

An  analysis  of  this  ore  was  given  in  the  same  paper,  as  follows  : — 

Per  cent. 

Peroxide  of  iron  [  =Iron  40- 64] 58-06 

Protoxide    ,              ...         ...         ...         ...         ...  — 

Protoxide  of  manganese     ...         ...         ...         ...  *02 

Alumina         ...          ...          ...          ...          ...         ...  6-10 

Lime 2-94 

Magnesia       -89 

Carbonic  acid           ...         ...         ...         ...         ...  P87 

Silica              1317 

Sulphur         ...          ...          ...          ...          ...          ...  trace 

Phosphoric  acid       ...         ...         ...         ...         ...  -80 

Water  combined       ...         ...         ...         ...         ...  IP 86 

Moisture         429 

100-00 

The  high  percentage  of  iron  and  the  small  proportion  of  moisture  suggest 
that  the  analysis  was  done  on  the  dried  ore  or  on  a  dried  specimen.  In  that 
case,  the  presence  of  15  per  cent,  of  moisture  would  reduce  the  iron -percentage 
to  3609. 

It  seems  that  no  great  output  of  ore  was  obtained  from  this  mine  before 
operations  were  abandoned. 


1  J.  Dalgliesh  and  R.  Howse,  '  Some  Remarks  on  the  Beds  of  Ironstone 
occurring  in  Lincolnshire,'  Trans.  N.  of  Eng.  Inst.  Min.  and  Mech.  Eng., 
vol.  xxiv  (1874-5),  PI.  xi. 


Ft. 

ins. 

5 

0 

10 

0 

2 

0 

1 

0 
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The  Northampton  Ironstone  is  now  being  worked  at  its  outcrop  at  Leaden- 
ham  (Major  <;.  Dove),  14  miles  south  of  Lincoln.  The  cover,  chiefly  limestone, 
of  which  the  lower  beds  are  sold  for  road-metal,  and  higher  beds  for  cement- 
making,  amounts  to  a  maximum  of  ■!'>  ft.  at  present,  and  the  ironstone  averages 
7  ft.  in  thickness,  between  limits  of  6  ft.  and  7  ft.  6  ins. 

The  working  face.  900  ft.  in  length,  showed  the  following  sequence  at  a  point 
near  its  middle  : — 

Thickness. 

Lincolnshire  Limestone  (Inferior  Oolite) — 
Limestone,  rubbly,  about 

Limestone,  fairly  massive,  up  to 

Lower  Esluarine  Series — 

Sand  ' 

Blue  clay 

'  Cleanings  ' — an  irregular  bed  of  good  oolitic  ironstone  (up 
to  1  ft.  in  thickness),  like  the  top  be  I  of  the  main  ir 
stone  below,  in  blue  clay    ...         ...         ...         ...         ...         1     6 

Northampton  Ironstone — 

Oolitic  ironstone,  brown  on  the  whole,  but  with  Borne  ir- 
regular and  impersistent  blue  cores,  somewhat  calcareous, 
individually  up  to  1  ft.  or  1  ft.  6  in.  in  thickness : 
some  'box-structure:  thickness  ...         ...6ft.  to         7     6 

Upper  Lias — 

Blue  clay,  not  seen      ...         ...         ...         ...         ...         ...  — 

Farther  south  in  the  same  working  the  Estuarine  Beds  are  thicker: — 

Limestone         ...         ...         ...         ...         ...         ...         ...  — 

Lower  Esluarine  Series — 

Light  brown  loamy  marl        ...         ...         ...         ...         ...         2     6 

Blue  clay  with  band  of  ironstone  (6  ins.  to  8  ins.),  ap- 
parently representing  the  '  cleanings  '  of  the  other 
section,  in  middle    ...  ...  ...  ...  ...  ...  2     9 

Northampton  Ironstone — ■ 

Oolitic  ironstone  ...         ...         ...  — 

In  working  the  ironstone,  only  the  harder  and  more  calcareous  blue  cores 
are  rejected.  The  output  of  ore  goes  to  Frodingham.  No  calcining  is  done 
at  Leadenham.  Working  is  expected  to  extend  eventually  farther  northward, 
and    for   a   less   distance   southward. 

A  partial  analysis1  of   the  ironstone  is  as  follows:  — 

I!m\  ore,  as  received.  percent. 

Iron       30-50 

Ir.>n  (dried  at  100    C)        34-52 

Silica      1910 

Lime      ...          ...          ...          ...          ...          ...          ...  3-61 

Moisture           ...        ...        ...        ...        ...        ...  1 1  -64 

From   Leadenham  southwai  Holwell  workings, 

a  distance  of  more  than  10  miles,  the  Northampt  >n  [ronstoni  I  nowhere 

been  worked. 

On  the  east  side  of  Grantham,  where  indie  return  of 

ironstone  I  i  a  workable  quality,  after  an  interval  i  which  it 

has  deteri  rated,  s  well3  sunk  at   Lowe's  Farm,  Bell  ■■■  ,,].■-  \\F 

of  Grantham,  passed  through  l">  ft.  ol  'red  rock  '  (Northampton  Sand)  between 
the  Lincolnshire  Limestone  and  the  I 

1   From  F.  IF  Hitch,  op.  rit. 

-  'Water  Supply  of  Lincolnshire'  3  1904,  p.  17. 
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Along  the  outcrop  thence  southward  beyond  Grantham  abundant  indications 
of  the  ironstone  suggest  ore  of  fairly  good  quality.  At  the  Grantham  Waterworks, 
Saltersford,  south  of  Grantham  a  section  at  the  north-east  comer  of  the  reservoirs 
showed  : — 

Lincolnshire  Limestone  {Inferior  Oolite) —                                            Ft.  ins. 
Limestone,  stepped  and  slipped        ...         ...         ...         ...  

Lower  Estuarine  Series — 

Pale  blue  sandy  clay  obscured  by  slipping  of  limestone, 

but  at  least 2    0 

Brown  oolitic  ironstone,  slipped  and  much  jointed,  with 
'  box-structure  '  and  cellular  weathering  :  thickness  ob- 
scured but  said  to  be  at  least         6  ft.  or         7    0 

Where  the  outcrop  cross  s  the  Great  North  Road  in  the  rise  of  Spittlegate 
Hill  about  half  a  mile  to  the  north-west,  the  ironstone,  partly  seen,  is  said  to  be 
about  9  ft.  thick. 

Farther  south,  one  mile  and  a  half  west  of  Colsterworth,  a  trial-shaft  was 
sunk  in  1916  by  the  Frodingham  Iron  and  Steel  Co.,  in  the  bottom  of  an  old 
limestone-quarry  100  yds.  north  of  the  cross-roads,  and  one  mile  south-east  of 
Skillington.  The  following  section  was  measured  in  the  shaft  and  the  quarry 
above  : — 

Thickness. 

[In  quarry].  Ft.  ins. 

Soil        sins,  to         1     6 

Lincolnshire  Limestone  {Inferior  Oolite) — ■ 

Limestone         ...         ...         ...         ...         ...         ...         ...       23    0 

[In  digging  at  top  of  shaft] 

Limestone         ...        ".-•;.         ...         ...         ...         ...         ...         5     0 

[In  shaft] 

Collyweston  Slate  ?t   basal  beds  of  Lincolnshire  Limestone— 

Blue  clay,  weathering  yellow  ...         ...         ...         ...         10 

Blue  sandy  limestone,  weathering  yellow,  with  ferruginous 

sand  and  clay-partings       ...  ...  ...  ...         ...         2     0 

Lower  Estuarine  Series. 

Yellow  loamy  clay,  with  bands  of  sand  and  clay  ...         ...         2     3 

?  Northampton  Sand  with  Ironstone — - 

Calcareous  marl  [blue  or  green,  rather  hard,  calcareous, 

ferriferous,  argillaceous  and  sandy]  ...         ...         ...         2  10 

Grey   limestone    [brittle   and    splintery]    with    partings : 

shells  [several  species  of  lam elhbranchs]...         ...         ...         10 

Soft  calcareous,   marly   [and   ferriferous,  blue  or  green] 

stone,  with  clay-partings    ...  ...  ...  ...  ...         4     0 

Blue  clay,  plastic         1     3 

Brown  clay-parting     ...         ...         ...  ...  ...  ...         0     2 

( Workable  ironstone) — 

Blue  hard  ironstone,  with  brown  soft  ironstone  in  parting 

[at  bottom] ...         ...         ...         0     5 

Blue  hard  ironstone,  with  brown  soft  ironstone  in  parting 
[at  bottom] 

Blue  hard  ironstone  [variable  in  thickness,  about] 

Brown  soft  ironstone  in  parting  [variable,  up  to]... 

Blue  hard  ironstone     ... 

Brown  soft  ironstone  ... 

Blue  hard  ironstone 


0 

7 

2 

9 

0 

6 

3 

7 

0 

2 

1 

5 
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(  Workable,  ironstone) — continued.  Ft.  ins. 

Brown  soft  ironstone  in  parting        ...         ...         ...         ...  0  2 

Blue  hard  ironstone    ...         ...         ...         ...         ...  •••  !       ' 

Brown  soft  ironstone  in  parting  (base  of  workable  ironthnu  )  0  2 
Poor  ironstone,  hard,  with  shells;  dense  and  apparently 
impervious  to   water  [blue  or  green   very  fine-grained 

ferriferous  and  oilcareous  san d  i t  •  ■  Ter  bratitla]  '■'>  0 

Upper  Idas — 

Hard  laminated  day,  impervious  to  water 

All  beds  of  the  workable  ironstone  are  oolitic.  The  following  figures1  give 
the  average  percentage  of  three  of  the  more  important  constituents  of  the 
ironstone- bed  at  the   trial-shaft; — 

Thickness  of  Iron  Iron  I    soluble 

workable  ironstone.  Moisture.  (Moist  stone)(dried  stone),  (dried  stone), 

ft.  ins.  per  cent.  per  cent.         per  cent.  per  cent. 

1(1     2                   14-6  31-0  36-2  144 

The  iron-content  of  some  of  the  soft  brown  bands  amounted  to  as  much  as 
37  per  cent,  (moist)  or  436  per  cent,  (dried). 

The  abnormal  nature  of  the  upper  beds  that  appear  to  represent  the  top 
of  the  Northampton  Sand  formation  above  the  workable  ironstone,  as  compared 
with  the  sequence  at  Buckminster  a  mile  and  a  half  to  the  south-west,  and  with 
the  general  sequence  southward  as  far  as  Northampton,  may  mirk  the  beginning 
of  an  eastward  change  on  approaching  the  line  along  which  all  beds  between  the 
Upper  Lias  and  the  Lincolnshire  Limestone  disappear  eastward  in  S  rath 
Lincolnshire  (see  above,  pp.  152-3,  and  PI.  VI.  Sect.  2). 

Tn  another  trial-hole  half  a  mile  east  south-east  of  the  above  shaft,  in  the 
Woolsthorpe  valley  west  of  ( 'olsterworth,  about  10  ft.  of  blue  and  brown  oolitic 
ironstone,  resting  on  brown  ferruginous  sandstone,  was  overlain  by  about  5  ft. 
of  limestone  rubble,  with  a  remnant  of  Glacial  drift,  and  afforded  no  real  in- 
dication of  the  sequence  above  the  workable  ironstone.  In  the  case  of  other  trials 
a  little  farther  east  in  the  same  valley  no  information  was  obtained  as  to  the 
nature  of  the  beds  between  the  ironstone  and  the  limestone  above.  The  average 
iron-content1  of  the  ore  of  several  such  trial-holes  in  the  Woolsthorpe  valley 
was  33-9  per  cent,  in  the  moist  stone  and  40-7  per  cent  in  the  dried. 

The  Holwell  Iron  Company  lease  a  large  area  in  the  neighbourhood  of  Buck- 
minster and  stainbv  and  work  the  Northampton  Ironstone  on  the  west  side  of  a 
north-westerly  fault  passing  through  stainbv  and  bringing  the  ironstone  to  the 
surface  on  the  west  side.     A  section  .it  the  north  end  of  the  east  face  of  this  w<  rk- 
immediatelv  west  of  Stainbv  village,  showed  tlie  following  sequence  :  but  the 

lower  part  of  the  ironstone  there  and  elsewhere  in  this  working  was  obscure  !   by 

a  talus  of  broken  ore  owing  to  the  ose  of  the  Bteam-digger : — 

Soil,  about 

Pale  buff-weathering  ahaly  day.  about      

Band  of  brownish-grey,  apparently  carbonaceous olay    ... 

Tough  pale-blue  laminated  olay 

Rather    sandy-looking    brown    oolitic    ironstone    with 

cellular  weathering,  and    box-structure  Of   brown  ferric 

oxide,  a  b  'Mi 
Brownish-grej  shary  day  parting,  variable  up  to... 
Brown    oolitic    ironstone,    with    cellular    weatherii 

rather  pale  cores  surrounded  by  crusts   of  brown  oxide 
Bfore  massive  ironstone  with  '  box-structure  '  seen  for    ... 
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1  Prom  the  Frodingham  [run  and  steel  0o.,  Ltd. 
'  Id. 
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The  bottom  of  the  bed  was  not  exposed.  The  general  working-thickness  of 
ironstone  is  10  feet — 11  feet,  the  thickness  of  cover  only  about  6  feet,  there 
being  no  limestone  and  no  appreciable  quantity  of  drift.1  The  following  analyses 
represent  the  chemical  composition  of  the  Buckininster  ironstone  : — 


II.' 


lilt 


- 

r  - 

Raw  ore. 

As 

Dried  at 

As 

As 

Dried  at 

received. 

100  c. 

received. 

received. 

100°  C. 

Iron    ... 

34-97 

41-14 

32-80 

33-30 

40-00 

Silica  ... 

15-93 

18*62 

14-50 

15-46 

18-55 

Alumina 

5-89 

6-93 

5-10 

6-18 

7-42 

Lime  ... 

•66 

•78 

•62 

•87 

1-04 

Magnesia       

•33 

•39 

•33 

•32 

•38 

Manganese     ... 

•33 

•39 

•33 

•26 

•31 

Sulphur 

•08 

•09 

•07 

•05 

•06 

Phosphorus   ... 

•96 

1-13 

•75 

•55 

•66 

Moisture 

15-00 

— . 

20-00 

16-67 

— 

Loss  on  calcination  ... 

10-12 

11-90 

~ 

— 

— 

*  From  the  Holwell  Iron  Co.,  Ltd. 


f  F.  H.  Hatch,  op.  cit. 


All  working  is  open-cast,  and  the  ore  is  calcined  in  the  open  in  large  heaps 
or  '  clamps  '  containing  each  as  much  as  50,000  tons. 

Recent  explorations  suggest  that  the  area  of  workable  ironstone  might  be 
extended  westward  and  west-south-westward  from  Skillington  to  the  edge  of 
the  Infeiior  Oolite  outcrop,  about  a  mile  farther-  in  those  directions  than  the 
representation  of  ironstone  upon  the  map  (PI.  V).2 


Local  Details  :  Leicestershire  and  Rutland. 

The  Northampton  Ironstone  was  formerly  worked  for  a  short  time  at 
Waltham-on-the-Wolds.  in  Leicestershire,  some  distance  f  rther  west  than 
anywhere  else  in  the  northern  half  of  its  outcrop.  The  first  recorded  output 
from  Waltham  is  for  1882.3  and  work  there  had  been  abandoned  in  1885,4  on 
account  of  the  inferior  quality  of  the  ore,  for  it  is  poor  in  iron  and  excessively 
siliceous.  '  Analyses  varied  much,  the  average  showing  iron  20  p.c,  silica 
50  p.c,  moistures  10  p.c.'3 

The  following  is  an  analysis"  of  the  Waltham  ore  : — 


Haw  ore  (/  dry  specimen). 


Iron    ... 
Silica 
Alumina 
Lime  ... 
Magnesia 
Manganese 
Sulphuric  acid 
Phosphoric  acid 
Water 


Per  cent. 

2317 

55-01 

7-76 

trace. 

•16 

•21 

•05 

•15 

5-51 


The  ironstone  was  worked  at  the  surface,  under  little  or  no  cover. 


1  From  the  Holwell  Iron  Co.,  Ltd. 

2  From  information  supplied  by  the  Holwell  Iron  Co.,  Ltd.,  after  the  map 
had  been  prepared. 

3  Home  Office  Records. 

4  '  Geology  of  the  South-west  Part  of  Lincolnshire,'  (Mem.  Geol.  Surv.),  1885, 
p.  47. 

3  Ibid. 

6  Op.  cit. — re-arranged. 
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In  Rutland,  at  Market  Overton.  '.)  miles  south  of  the  Kuekminster  workings 
and  separated  from  them  by  a  drift-covered  trad  Messrs.  James  Pain,  Ltd., 
work  the  same  ironstone  at  the  surface.  Of  the  Company's  three  quarries  at 
Market  Overton  two.  viz..  No.  2  or  the  north  oi  the  village,  and  No.  I 

some  distance  south-east  of  it.  are  now  working,  the  thirl  or  Park  pit,  imme- 
diately east  of  the  village,  not  being  in  work.  In  Xo.  2  pit.  working  northward, 
iver  averages  six  feet,  consisting  of  sand  and  day  d^ower  Estuarine),  and  is 
removed  by  hand.  [Hie  whole  ironstone-bed  averages  11  feet,  down  to  the 
Upper  Lias  clay,  and  does  not  vary  much  in  thickness.  The  middle  of  the  bed  is 
regarded  as  the  best  part ;  but  on  the  whole  t  te  ir  iii<tone  is  of  uniform  character 
and  weathered  in-own  throughout  A  few  'clay-gulls'  of  the  overlying  clay  let 
down  into  '  pockets  in  the  ironstone,  have  to  be  rejected.  The  ore  is  worked, 
in  one  lift,  by  steam-digger 

In  No.  2  pit,  which  works  westward,  the  thicknesses  of  ore  and  cover  are 
much  the  same  as  in  No.  1 .  but  the  ironstone  diminishes  in  thickness  towards  the 
south  end  of  the  working,  where  it  crops  out  at  the  surface.  It  is  considered  of 
rather  better  quality  than  that  of  Xo.  2  pit.  as  it  is  rather  less  sandy  and  of  even 
quality  throughout.  It  shows  much  '  box-structure  '  <■!  brown  ferric  oxide  along 
joints  and  bedding-planes,  tiie  horizontal  layers  of  brown  oxide  predominating 
locally,  as  well  as  a  smaller  cellular  structure  of  weathering.  In  some  parts  of 
the  ore  the  ooliths  yed   into  hollow  shells,  from  which  the  iron  has 

evidently  gone  to  enrich  the  matrix  and  layers  of  oxide  ;  other  parts  of  a  lighter 
brown  colour  show  the  crowded  ooliths  intact.  About  one  foot  of  pale  bluish- 
green  calcareous  and  ferriferous  sandstone  at  the  base,  immediately  above  the 
Upper  Lias  clay,  is  rejected. 

There  are  several  *  gulls  '  of  the  Estuarine  clay  descending  from  above  into 
pockets,  and  one  or  two  others  in  which  the  Upper  Lias  clay  is  pinched  up  from 
belovt  into  sharp  anticlines.  Wliere  these  latter  occur,  the  ironstone  above  has 
been  planed  off  level,  apparently  by  Glacial  action,  and  the  upper  parts  of  the 
ironstone  have  been  broken  up  and  have  passed  into  the  cover. 

The  same  methods  of  working  are  employed  as  hi  Xo.  2  pit. 

The  following  jKirtial  analyses1  give  the  chief  chemical  characteristics  of  the 
Market  Overton  ore  of  Messrs.  Pain's  three  pits  : — - 

<>re,  as  received. 

No.  1  Pit. 

Iron  32-0 

Silica  14  o 

Lime  ...         ...  1-0 

Phosphorus  ...  1-0 

These  analyses  suggest  that  the  ore  of  the  Park  Pit  is  practically  identical 
in  quality  with  that  >  f  Xo.  1  Pit. 

The  following  is  a  fuller  analysis2  of  the  Market  Overton  ore  : — 

Raw  ore,  as  rec'  Per  cent. 

Iron 34-29 

Iron  (dried  at  100     C.) 40-80 

Silica               15-10 

Alumina        ...        ...         ...        ...        ...        ...  1  -96 

Lime  ...          ...          ...          ...          ...          ...          ...  1  -4.~> 

Magnesia      ...        ...        ...        ...        ...        ...  -57 

Manganese    ... 

Sulphur        -"7 

Phosphorus  ... 

Moisture         ...          ...          ...          ...          ...          ...  15-05 

The  ore  raised  at  Markel  Over!  hiefly  t"  distant  iron-manufacturing 

districts 

ground  adjoining  Id  by  the  Shcep- 

bridg    ■  d  [ron  Co.,  Ltd.,  wh<  thampton  In>i  - 

more,  where  it  was  first  opened  up  in  1882.'    The  "re  lies  practically  tlat.  under 
Dover  varying  between  5  feet  <>  inches  and  t:  feet  6  inches  of  boulder-clay.    The 
jtone,  as  worked,  averages  B  feet,  between  aztreo 


No.  2  Pit. 

Park  Pit. 

31-0 

32-0 

15-0 

16-0 

1-3 

1-3 

-99       .. 

•98 

1  From  the  Ministry  of  Muniti 

>  r  ll  Baton,  "Avenue  Analyses  of  British  Ir  n-Oresanid  Ironstones 
produced  in  1917-18  [Ministry  of  Munition*  of  War)y  L918  Name  of  pit  not 
given. 

3  Home  Office  Records. 
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8  feet  6  inches.  It  is  weathered  brown  all  through,  without  any  blue  cores,  and 
is  more  massive-looking  than  elsewhere  in  the  neighbourhood.  Most  of  it  is 
densely  oolitic,  with  much  '  box-structure  '  and  smaller  cellular  structure.  At 
the  north  end  of  the  working,  where  it  is  regarded  as  best,  it  is  unusually  dry. 
About  1  foot  of  stone  at  the  bottom  of  the  working-face  is  regarded  as  too  siliceous 
for  use.  It  is  '  holed  out '  with  the  pick  and  the  rest  is  then  prised  down  with 
crow-bars  in  masses  up  to  20  tons  in  weight,  which  break  in  falling.  The  cover 
also  is  removed  by  hand.  Beneath  the  floor  of  the  pit  is  5  feet  or  6  feet  of  '  mere 
sandstone,'  not  exposed. 


ilyses : — 

Raw  ore,  as  received. 

I.i 

II. 2 

III.2 

per  cent. 

per  cent. 

per  cent. 

Iron   ... 

29-45 

28-75 

34-0 

Iron  (dried 

at  100° 

— 

...        [42-5] 

Silica 

17-70 

24-40 

12-5 

Alumina 

10-12 

11-70 

7-0 

Lime  ... 

3-30 

1-68 

•6 

Magnesia 

•60 

— 

— ■ 

Manganese    .. 

•24 

•317      ... 

•15 

Sulphur 

•02 

•016     ... 

•03 

Phosphorus  .. 

•49 

•64 

•55 

Moisture 

17-70 

18-30 

20-0 

i  Sheepbridge  Co 

.  use 

most  of  the  outr 

ut  of  their  Cottesm 

ore  ore  in  the 

own  furnaces,  and  regard  it  as  a  good  ore  in  mixture  for  making  forge-iron,  but 
not  for  the  production  of  steel.     A  small  part  of  the  output  is  sold. 

The  ore  so  far  has  been  worked  westward  towards  the  outcrop,  from  the  east 
end  of  the  area  now  exhausted,  and  will  continue  for  some  time  to  be  worked  in  that 
direction.  Later,  operations  will  be  extended  northward.  In  the  area  worked 
out,  one  small  tract  of  bad  ground  was  left  untouched. 

A  small  area  immediately  south  of  Cottesmore  village,  on  the  south-east 
side  of  the  Sheepbridge  Company's  boundary,  has  been  rejected,  after  trialing, 
as  containing  too  much  inferior  stone  ;  but  south  of  this  the  ground  has  been 
leased  nearly  as  far  as  Burley  by  Messrs.  Bell  Bros.,  Ltd.  :  work  on  this  ground 
has,  however,  not  yet  begun. 

The  Northampton  Ironstone  has  been  proved  of  workable  quality  in  the 
valley  of  the  River  Chater  near  Luffenham  Station,  and  has  recently  been  leased, 
but  not  yet  worked,  between  South  Luffenham  and  Whig. 

At  Man  ton  it  was  being  worked  in  1887:i,  but  only  for  a  short  time,  and  more 
recently  it  was  got  for  a  time  at  Ridlington  two  or  three  miles  farther  south-west. 

Messrs.  James  Pain,  Ltd.,  are  now  getting  this  ore  at  Uppingham,  on  the  south 
side  of  the  town,  in  two  pits,  on  each  side  of  the  road  to  Kettering.  In  the 
larger  or  Glebe  pit  on  the  west  side,  with  a  working-face  2,000  ft.  in  length,  the 
cover,  which  consists  entirely  of  blue  Chalky  Boulder-clay,  Avith  some  large 
striated  limestone-boulders,  amounts  to  a  maximum  of  20  ft.  or  rather  more, 
with  an  average  of  15  ft.  The  ironstone  varies  hi  thickness  from  7  ft.  to  9  ft.  or 
10  ft.,  and  is  now  worked  mainly  by  steam-digger.  The  following  section  illus- 
trates its  character  : — 

Section  hi  Glebe  Pit,  about  middle  of  working-face.  Ft.  ins. 

Blue  Chalky  Boulder-clay      — 

Brown  rather  hard  somewhat  sandy  oolitic  ironstone,  more 
massive  and  hi  larger  blocks  than  at  the  west  end  :  no 
blue  cores ;  about  ...         ...         ...         ...         ...         ...         4     6 

Massive  rather  sandy  oolitic  ironstone  in  two  courses, 
for  the  most  part  of  a  dull  light  bluish  green  colour,  in 
large  blocks  which  are  rejected  as  poor  in  iron  ;  but 
within  it  there  is  locally  good  weathered  stone,  where 
the  jointing  is  close;  about         ...         ...         ...         ...         2     6 

Brown    thinner- bedded    rather    sandy    oolitic    ironstone, 

with  some  comparatively  thin  blue  cores         ...         ...         2    0 

Blue  or  green  ferriferous  sandstone  :  thickness  not  proved 

Total  ironstone  about        9    0 

1  From  F.  H.  Hatch,  o-p.  cit. 

-  From  the  Ministry  of  Munitions. 

3  Home  Office  Records. 
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In  the  smaller  Adderley  Pit,  with  a  working-face  600  ft.  in  length,  east  of  the 
road,  conditions  are  similar,  bat  while  the  ironstone  is  said  to  average  8  ft.,  the 

cover  averages  only  10  ft    in    i 

The  following  analyses  show  the  coin  position  of  the  ore  at  Uppingham  : — 


I.1 

II.2 

III.- 

IV- 

v.* 

(Glebe) 

(Glebe) 

(Adderley) 

Iron        

3000 

348 

320 

31*5 

2904 

[ron  (dried  at  100°  C.) 

35-46 

— 

— 

— 

— 

Silica      

1705 

L 1  ■  5 

To 

10-5 

18-19 

Alumina 

700 

— 

— 

— 

— 

Lime 

342 

2-8 

2-  5 

2-  5 

3-28 

Magnesia 

•84 

— 

— 

— 

— 

Manganese        

•12 

— 

— 

— 

— 

Sulphur 

•08 

— 

— 

— 

— 

Phosphorus 

•59 

— 

■9 

•9 

— 

Moisture            

1540 

140 

— 

— 

In  the  Uppingham  workings  the  ore  is  being  worked  southward  from  the 
areas  already  exhausted,  i.e.,  away  from  the  outcrop  of  the  ironstone  on  the 
south  flank  of  a  valley  running  eastward  on  the  south  side  of  the  town. 

At  Barrowden  arrangements  have  recently  (1918)  been  made  for  working  the 
ironstone  on  the  north-west  side  of  tiie  Welland  valley.  It  is  intended  to  work 
the  ore  by  opencast,  under  a  maximum  cover  of  40  ft.  or  a  little  more.  Several 
trials  on  the  high  ground  west  and  north-west  of  Barrowden  have  proved  the 
ironstone  at  a  maximum  depth  of  4.'>  ft.  or  44  ft. 

A  'gullet '  driven  from  the  outcrop,  on  the  south  side  of  the  road  to  Seaton, 
at  a  point  three-quarters  of  a  mile  west  of  Barrowden  Church  showed  the  fol- 
lowing section  : — 

Ft.  ins. 

Soil        1     6 

Limestone  (remnant)  about  ...         ...         ...         ...         ...        0     6 

Lower  Esliiarine  Series — 

Buff  sand,  at  north  end  about         ...        ...        ...        ...        S    0 

Blue  clay :  average  about      ...  ...         ...         ...         ...         2     6 

Northampton  Ironsto 

Broken  dirty  ironstone  mixed  with  sand,  about  ...  ...         0     9 

Brown  oolitic  ironstone,  with  some  crystalline  calcite  in 
small  crystals,  and  sjme  '  box-structure  '  and  cellular 
structure  at  outcrop  ...  ...         ...  ...  ...         5    0 

The  ironstone  is  said  bo  increase  in  thickness  away  from  the  outcrop.  In 
this  section  there  is  some  step-faulting,  but  not  on  a  scale  sufficient  t  i  break 
the  continuity  of  the  bed.  and  -  'ted  by  in  ip  between  the 

in  a  direction  opposite  to  the  downthrow,  just  as  in  the  Btep-faulting  at  Wakerley 
(see  below,   p.    IT 

The  aver  ge  of  three  analyses'  of  the  Barrowden  ironstone  ,'dlet, 

at  a  trial-hole  1 90  yards  south  by  west  from  it,  anfl  at  another  on  the  north  side 

of  the  road  <>t()  yards  west  of  the  gullet,   was:     - 


[ton    ... 
Silica 
Lime  ... 

Man;,' 

ihorus 

are 


ive  1. 

Dried  at  100 

pel 

per 

•  75] 

38  36 

[8-3 

.,,,; 

[710] 

7-72 

[0-14] 

3 

— 

1    l'r  in  F.  If.  Hatch,  <>/>.  rit 

-  Prom  t  le  ftimistrj  ol  Bfuniti<  as. 

;  Prom  Mr.  J.  H.  Keeble. 
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The  less  weathered  Barrowden  ore  is  said  to  be  nearly  self-fluxing.  In  that 
case  the  ironstone  there  must  be  much  more  calcareous  than  usual.  The  average 
silica -con  tent  as  shown  in  the  above  analyses  is  decidedly  low,  and  the  lime- 
content  of  the  three  types  of  ore  averaged  ranges  from  1-79  per  cent,  in  the  most 
weathered  condition  to  13*69  per  cent,  in  the  unweathered  ore  of  the  most  westerly 
trial,  where  solid  ironstone  was  proved  at  a  depth  of  only  6  ft. 

Local  Details  :    Northamptonshire — Northern  Part. 

The  Northampton  Ironstone  seems  to  have  been  worked  intermittently  on  a 
small  scale  at  Burleigh  Park,  on  the  south-east  side  of  Stamford,  from  an  early 
date.     Outputs  from  there  are  recorded  for  1859,  1866,  and  1876.1 

The  same  ore  is  now  being  worked  by  the  North  Lincolnshire  Iron  Co.,  f  r 
mixing  with  the  Frodingham  Ironstone,  at  Easton  two  miles  south-west  of  Stam- 
ford. The  ironstone  there  is  unusually  siliceous,  some  parts  of  the  stone  used 
containing  as  much  as  40  per  cent,  of  silica,  a  noteworthy  contrast  with  the 
calcareous  condition  of  the  ironstone  at  Barrowden. 

The  cover  averages  7  ft.  in  thickness,  consisting  of  soil  and  subsoil  of 
flaggy  limestone  above  an  even  4  ft.  bed  of  buff  loamy  sand.  The  workable 
ironstone  averages  about  10  ft.  ;  but  owing  to  the  necessity  of  rejecting  the 
numerous  '  sand-gulls  '  or  infilled  pockets  and  joints,  and  also  excessively  sandy 
parts  of  the  ironstone,  about  one-third  of  the  material  raised  (apart  from  cover) 
has  to  be  picked  out  by  hand.  Consequently  all  work  is  necessarily  done  by 
hand-labour. 

The  upper  part  of  the  cover  shows  numerous  isolated  patches,  partially  dis- 
integrated, of  the  flaggy  basal  beds  of  the  Lincolnshire  Limestone,  outside  the 
base-line  of  the  limestone  as  drawn  on  the  one-inch  map  (Old  Series)  ;  and  the 
workable  ironstone  itself  extends  considerably  farther  northward  than  is  shown 
upon  that  map. 

The  ironstone  is  verjr  variable  not  only  from  bed  to  bed  but  also  in  neighbour- 
ing parts  of  the  same  bed.  Much  of  it  is  a  brown  ferruginous  sandstone  with 
brown  ferric  oxide  filling  the  interstices  between  sand-grams,  and  is  usually 
devoid  of  oolitic  structure.  Other  parts  are  less  sandy  and  decidedly  oolitic, 
with  a  deposit  of  ferric  oxide  between  the  ooliths.  The  basal  beds,  of  improved 
thickness  below  the  workable  ironstone,  consist  of  greenish-blue  calcareous  sand- 
stone apparently  containing  little  iron,  but  with  a  deposit  of  brown  ferric  oxide 
in  joints  and  along  bedding-places. 

In  the  south  face  of  the  pit  the  top  of  the  ironstone  is  perfectly  flat  and  level. 
At  the  west  end  the  thin-bedded  ironstone  underlies  the  sand  in  even  layers 
without  any  discordance  of  betiding.  But  farther  east,  while  the  base  of  the  sand 
remains  horizontal,  the  bedding  of  the  ironstone  gradually  bends  down,  more 
layers  of  ironstone  coming  in  at  the  top  with  a  gradually  increasing  eastward 
dip,  so  that  the  junction  of  sand  and  ironstone  assumes  an  appearance  of  uncon- 
formability.  which  is,   however,   really  due  to   current-bedding. 

The  upper  part  of  the  ironstone  is  regarded  as  rather  less  sandy  than  the  lower. 
The  following  analysis  shows  the  general  composition  of  the  Easton  ironstone'2 : 

per  cent. 

Iron,  as  received      31*02 

Iron,  dried  at  100°  C 35*47 

Silica,    as  received  .. .         ...         ...         ...         ...  25*88 

Alumina        ,,           4*84 

Lime              „       • 1*30 

Magnesia      „          -63 

Manganese    ,,           -17 

Sulphur        ,,          -05 

Phosphorus  ,,           -52 

Moisture        12*57 

The  directions  of  working  are  westward  along  the  outcrop,  and  southward 
from  its  edge.  The  ground  rises  south-eastward  for  some  distance.  This  rise 
might  have  been  expected  to  denote  the  thickening  of  the  overlying  limestone, 

1  'Mineral  Statistics  of  the  United  Kingdom  '  (Mem.  Geol.  Surv.). 

2  From  F.  H.  Hatch,  '  Average  Analyses  of  British  Iron-Ores  and  Ironstones 
produced  in  1917-18'  {Ministry  of  Munition*  of   War),   1918. 
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but  for  a  quarter  of  a  mile  southward  the  amount  of  over  is  still  only  about 
7  feet.  At  Wakerley  a  broad  belt  of  stop-faulting,  which  treads  in  the  direction 
of  Easton,  produces  a  similar  effect. 

At  Wakerley,  on  the  south-east  side  of  the  Well  u id  valley,  the  Partington 
[ro  i  and  Steel  Co.,  Ltd.,  are  working  the  Northampton  fronstone.  So  far  the 
ore  has  bean  got  only  on  the  north-west  or  lower  .side  of  the  road  running  south- 
westward  from  Wakerley  village.  In  this  w  irking  (the  '  Old  Out ')  the  ironstone 
is  much  broken,  with  numerous  '  sand  -galls.1  The  following  section  represents 
the  working-face  of  the  '  Old  Out,'  close  to  I : — 

Ft.  Ins.        Ft.  Ins. 

Soil 1     6     to     2     6 

Lincolnshire  Limestone  (basal  beds) — 

Flaggy    limestone,    much    disturbed    and    dis- 
integrate 1.  variable  in  thickness,  1'r  i  Q  ...     10       ,,36 

Lower  Estmrim  Series — ■ 

White,   buff,  ochrejus  and  pale  grey,   very  fine 
loamy  sand,  variable  in  thickness,  from        ...     7    0      ,,3    6 

Northampton  Ironstone — 

Brown  not  very  sandy  oolitic  ironstone,  with  a 
good  deal  of  ferric  oxide  along  joint  and  bedding- 
planes  as  crusts,  and  also  as  interstitial  matter  : 
.  some  soft  cores  show  a  more  obviously  sandy 
character:  no  green  cores  seen  :   thickness     ...     6    0      .,10     0 

The  general  thickness  of  the  ironstone  ranges  from  6  ft.  to  10  ft.  6  ins.  All 
work  has  so  far  been  done  by  hand-labour. 

The  following  analysis  has  been  furnished  by  the  Ministry  of  Munitions  : — 
Averaged  analysis  of  the  Partington  Iron  and  Steel  Go's  Wakerley  Ironstone. 

Raw  ore  (drie:l  ?). 

Per  cent. 

Iron        3804 

Silica      10-39 

Alumina           ...        ...        ...        ...        ...  4-14 

Lime      3-16 

Magnesia          -48 

Manganese       ...        ...        -18 

Sulphur             -083 

Pnosphorus       ...         ...         ...         ...         ...  '633 

Moisture  [in  mast  stone  ?]            12-11 

Loss  on  calcination      ...         ...         ...         ...  14*42 

The  direction  of  working  has  been  south  towards  the  road  from  the  outer 
edge  ;    but  work  will  no  doubt  be  extended  south-westward  along  the  outcrop. 

The  Partington  Company  use  the  whole  output  of  their  Wakerley  ironstone 
in  their  own  blast-furnaces      \  i  oaloining  is  done  at  Wakerley. 

Preparations  have  been  made  reoently  for  extending  the  working  south- 
eastward beyond  the  road,  in  which  direction  the  ground  rises ;  and  a  new  cutting 
lias  laid  bare  tin-  surfaoe  of  the  ironst  me  for  a  considerable  distance  in  that 
direction.  From  the  road,  for  a  distance  of  To  yards,  numerous  small  f>.uits 
traverse  the  ironstone  in  a  genera]  north-easterly  direction  at  short  intervab. 
They  continue  beyond  thai  distance  l>at  are  there  leas  frequent,  with  wider 
intervals.    They  throw  the  ironstone  down  -  ly  south-eastward,  a  few 

feet  at  a  time  ;  but  as  the  stral  i  in  the  intervening  spaoes  ire  strongly  tilted  in 
the  opposite  direction,  the  net  result   is  raid. 

Moreover,  the  Lower  ESstuarine  In-  Is  between  the  ironstone  and  the  Linool 
Limestone  rapidly  increase  in  thickness  in  that  direction.    At  a  point  about  190 
yards  Erom  the  road  the  side  of  the  cutting  and  a  trial-hole  sunk  in  the  bottom 
of  it  gave  the  following  section  : — 

Lincoln  shin  Limestone. —  Ins. 

Even- bedded  Baggy  limestone  with  slight  dip  to  X.W.. 

about...  ...  ...  ...         ...         ...         ...         ...         4     6 

Vol.  xii.  if 
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Passage  Beds  ? —  Ft.  Ins. 

Buff  and  white  sand    ...         ...         ...         ...         ...         ...         2     6 

Alternate  even- bedded  hard  and  compact  pale  grey 
calcareous  sandstone,  and  buff  sand  :  in  the  middle  a 
9-inch  band  of  oolitic  limestone,  with  small  shells,  in- 
cluding Pecten,  and  wood  ...         ...         ...         ...         ...         3     9 

Buff  sand,  with  a  large  bullion  of  pale  grey  and  blue  hard 

calcareous  sandstone,  about  ...         ...         ...         ...         2     9 

Thin-  and   even-bedded   pale  pinkish-grey,    blue-hearted 
compact  hard  sandy  limestone  or  calcareous  sandstone, 
with  bands  of  small  lamellibranchs  and  a  few  casts  of 
large  lamellibranchs,  about    .        ...         ...         ...         ...         1     3 

Lower  Estuarine  Series. — 

Buff  sand  (in  trial-hole),  estimated  ...         ...         ...         ...       13     0 

Northampton  Ironstone. — 

Top  of  ironstone  ...         ...         ...         ...         ...         ...  — 


Total  depth  to  ironstone    ...         ...       27     9 

The  unexpected  increase  of  the  beds  between  the  ironstone  and  the  typical 
Lincolnshire  Limestone  from  a  mean  of  about  5  ft.  to  fully  23  ft.  in  a  distance 
of  about  200  yards,  and  especially  the  incoming  of  the  very  hard  calcareous 
sandstone  may  necessitate  mining  the  ironstone  instead  of  working  it  opencast 
as  had  been  intended.  In  the  meantime  the  development  of  the  new  working 
has  been  suspended. 

In  the  new  cutting,  several  hollows  eroded  in  the  beds  above  the  ironstone 
are  rilled  with  tough  boulder-clay. 


"West  Side  of  Main  Northampton  Ore-field. 

In  an  outlier  several  miles  farther  west,  beyond  the  main  outcrop  of  the 
ironstone,  the  Northampton  ore  was  worked  for  a  short  time  at  Nevill  Holt1  as 
far  back  as  1864-5,  and  at  Medbourne1  in  1873-4. 

Lloyd's  Ironstone  Company,  Ltd.,  with  blast-furnaces  at. Corby,  have  an 
important  group  of  eleven  pits  or  workings,  which  extend  from  Corby  to  Weldon 
and  the  neighbourhood  of  Rockingham.  The  positions  of  all  these  pits  are 
indicated  by  the  areas  of  worked-out  ironstone  on  the  map  (PI.  VIII).  Eight  of 
the  pits  were  working  in  1917  ;  the  other  three  were  closed.  They  are  dis- 
tinguished by  name  and  position  as  follows  : — 

On  west  side  of  railway  (from  north  to  south) : — Gretton  ;  Rockingham  ; 
West  Glebe  (disused). 

On  east  side  of  railway  (from  north  to  south): — Deene ;  Excellent;  Old 
Glebe.  Hunter's  Close,  and  Hull's  Well  (these  three  continuous  from  west  to  east) ; 
Buildings  Field  (disused) ;  Long  Hills,  S.W.  of  Weldon  ;  Field  71  (disused), 
S.E.  of  Corby. 

The  thickness  of  cover  and  workable  ironstone  in  these  pits  is  : — 

Cover.  Ironstone. 

Name  of  Pit.  Ft.  Ft. 

Gretton  9  8 

West  Glebe       35  12 

Deene  (Cardigan)         ...         ...  28  9 

Excellent  25-36  9-10 

Old  Glebe         25-28  8-  9 

Hunter's  Close  and  Hull's  Well  8-16  8-  9 

(locally  up  to  30).      (at  east  end  of  Hull's 
Well  only  6ft/. 

Long  Hills        25-30  8 

Field  71  9-12  9 

1  k  Mineral  Statistics  of  the  United  Kingdom  '  (Mem.  Oeol.  Surv.). 
L 
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In  the  Deene  or  Cardigan  pit  the  general  section  of  the  beds  is  as  follows  : — 
Lincolnshire  Limestone  (basal  beds) — 

Flaggy  limestone  (thin)      ""I 

'  Collyweston  Slate  ' — 

Buff  sand  containing  a  bed  of  large  calcareous  bullions 
6  ft.  in  length,  which  split  into  flags. 

Lower  Eslvarine  Series—  ^- About  28  ft. 

Buff  sand 
Black  carbonaceous  clay    ... 

Pale  grey  very  fine-grained  silty  sand , 

Dark  blue  shaly  clay 
Very  fine-grained  silty  clay 
(Gap,  obscured). 

Irregular  and  impersistent  bed  of  hard  pale-grey  silty 
quartzitic  sandstone  with  rootlets  (practically  a 
bastard  ganister).  passing  by  impregnation  into  a  poor 
sandy  ironstone,  in  irregular  patches nil  to  3  ft. 

Northampton  Ironstone — 

Oolitic  ironstone,  brown,  with  few  green  cores,  variable 
in  quantity,  average  thickness  ...         ...         8  ft. 

The  fissile  bullions  in  the  representative  of  the  Collyweston  Slate  all  split  by 
weathering  in  place  into  perfectly  regular  flags,  just  as  the  continuous  beds  of  the 
Collyweston  Slate  do.     These  bullions  are  present  in  the  Deene  pit  only. 

The  ganister-like  bed  locally  present  at  the  top  of  the  ironstone  is  rejected. 
except  where  highly  impregnated  with  iron. 

In  the  Excellent  pit  the  cover  consists  of  boulder-clay :  the  ironstone  contains 
much  brown-crusted  green  carbonate  ore,  rather  calcareous. 

In  the  old  Glebe  pit  the  ironstone  is  mostly  green  carbonate  of  which  there 
is  a  greater  proportion  in  this  pit  than  in  any  of  the  others.  It  passes  down 
rather  gradually  through  a  calcareous  and  ferriferous  sandstone,  of  sage-green 
oolour,  which  still  contains  ooliths,  into  a  mere  calcareous  sandstone  of  the  same 
colour  with  little  iron,  but  some  shells.  The  sandstone  may  be  fully  15  ft.  in 
thickness. 

In  Hull's  Well  pit  there  is  comparatively  little  green  carbonate  stone.  The 
ore  diminishes  at  the  oast  end  to  6  ft.  and  the  cover  from  26  ft.  to  8  ft. 

Tn  Long  Hills  pit  the  Lincolnshire  Limestone,  constituting  the  greater  part 
of  the  OOVer,  increases  to  !'.">  ft.,  and  all  but  the  lowest  part  is  a  massive  oolitic 
limestone  used  in  the  Corby  furnaces  as  a  flux  and  regarded  as  the  best  fluxing 
limestone  in  the  district      The  basal  part  of  it  is  disintegrated  int  i  a  i 

oolite-sand.  This  La  Beparated  normally  from  the  ironstone  below  by  about  (•  ft. 
of   blue   EstuariOe  clay,   which,   where  present,  shows  sharp  and  even   boundaries 

at  top  and  ii  ittom  but  has  its  interior  bedding  strongly  w  tinkled  into  undulations. 
In  about  10  yards  the  who!,-  clay-bed  is  gradually  pinched  out  and  disappears 

completely,  BO  thai  the  OOlite-sand  comes  to  rest  directly  upon  the  ironstone, 
and  continues  to  do  so  for  a   consider.!  blc  distance.      Finally  the   Fstuarine  day 

comes  in  again  even  more  abruptly,  the  beds  are  al  onoe  tilti^l  up  strongly,  ami 
a  fault  throws  them  down  several  feel  on  the  easi  side.  The  disappearance  of 
the  clay  is  dearly  due  to  differentia]  lateral  movement,  the  limestone  having 
slid   over  the  ironstone  and   smeared  out   the  clay. 

Tn  the  Gretton,  Excellent  and  Long  Bills  pits  the  direction  of  working  is  south- 
ward, in  the  others  northward.    Tn  all  these  pits  work  has  begun  at  the  outcrop 

of  the  ironstone  on   the  Hanks  of  \ a  Hoys  trending  roughly  west  and  c 
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The  following  are  analyses1  of  the  raw  stone  of  Messrs.  Lloyd's  several  pits : — 


Name  of  Pit. 


Gretton.        Deene. 
I.  J    II. 


Excel- 
lent. 

III. 


West    Hunl  er  s  Close  Long 

Glebe.      and  Hull's  Hills. 

Well. 

iv.  !         v.  vi. 


! * > 

(a) 

(&) 

per 

centag 

e. 

Iron 

32-64 

33-  86 

33-34 

33-34 

32-84 

33-40 

33-34 

Iron    (dried    at 

100    0.) 

40-70 

410 

— 

— 

— 

— 

— 

Silica 

8-74 

10.07 

0-8 

0-8 

11-43 

8-0 

8-0 

Alumina   ... 

7-16 

7-52 

— 

— 

6- 10 

— 

— 

Lime 

1-81 

1-59 

4-0 

30 

302 

0-4 

40 

Magnesia  ... 

■ — 

— . 

— 

— 

0-21 

— 

— 

Manganese 

— 

— 

. — . 

011 

— . 

— 

Sulphur    ... 

— 

— 

— 

0166 

— 

— 

Phosphorus 

0-78 

0-72 

0-7 

0-7 

0-63 

0-7 

0-7 

Moisture  ... 

19-8 

174 

— 

— 

1911 

— 

Loss  on  calcination 

— 

— 

— 

10-30 

— 

— 

All  Messrs.  Lloyd's  pits  are  worked  opencast,  mostly  by  steam-navvy,  which 
is  always  used  for  removing  heavy  cover  from  10  ft.  upwards  in  thickness.  Only 
the  green  ore  is  calcined. 

Much  has  been  done  by  Messrs.  Lloyd  to  prove  the  distribution  of  the  ironstone 
under  cover  in  the  neighbourhood  of  Gretton  Plain,  i.e.,  in  the  ground  between 
their  Gretton  and  Rockingham  pits,  and  thence  westward  as  far  as  Rockingham, 
as  well  as  about  half  that  distance  eastward  of  the  railway.  This  exploration  by 
boring  and  sinking  trial-holes  has  shown  that  under  a  level  plain  of  boulder-clay 
the  ironstone  on  the  whole  increases  in  depth  from  8  or  9  ft.  at  the  Gretton  pit 
southward  to  a  maximum  of  about  44  ft.  half-way  towards  the  Rockingham  pit; 
that  the  workable  ore  generally  has  a  thickness  of  7-10  ft.,  but  that  about  100 
yards  south  of  the  Gretton  pit  there  exists  a  barren  tract  comparable  in  extent 
with  the  exhausted  area  of  that  pit,  with  another  area  of  poor  or  no  ironstone 
a  quarter  of  a  mile  north-east  from  its  east  end  and  a  larger  barren  area  coinciding 
roughly  with  the  northern  half  of  Gretton  Wood  south-west  of  the  same  pit 
(see  one-inch  Ordnance  map,  sheet  171  New  Series) ;  also  that  westward  from  that 
wood  the  ore  has  a  general  thickness  of  8  or  9  ft,  at  a  depth  varying  between 
25  ft.  and  40  ft.,  except  near  the  outcrop.  In  the  barren  areas  above-mentioned 
the  boulder-clay  appears  to  rest  directly  on  the  Upper  Lias. 

Further  explorations  along  a  line  south-eastward  from  the  Corby  furnaces 
proved  the  depth  of  the  ironstone  to  vary  between  25ft  and  42  ft.  and  finally 
to  decrease  to  14  ft.  between  points  one  mile  and  one  and  a  half  miles  distant 
from  the  furnaces,  the  thickness  of  ironstone  varying  in  the  same  distance  between 
5  ft.  6  iiis.  and  10  ft.  The  beds  have  a  general  sjuth-easterly  dip  towards  the 
trough  of  the  west-east  syncline  described  above  (p.  1 51 ).  Half  a  mile  farther  east 
a  well  at  the  north  end  of  Stanion  village,  one  and  three-quarter  miles  south-east 
of  the  Corby  furnaces,  proved  11  ft.  of  ironstone  at  a  depth  of  34  ft.  6  ins.2 

At  Snatchill  one  and  three-quarter  miles  south-west  of  the  Corby  furnaces 
the  ironstone  was  proved  at  a  depth  of  38  ft.,  with  a  heavy  bed  of  limestone  at 
the  surface  :  but  thence  southward  nearly  as  far  as  the  Geddington  workings 
the  ore  has  not  been  found,  presumably  owing  to  its  greater  depth  iu  the  s  lallow 
syncline  (see  above,  p.  151 ;  also  PI.  VII,  Sect.  1). 

Farther  west,  the  ironstone  seems  to  have  been  tried  at  Wilbarston  on  the 
edge  of  the  main  outcrop  but  not  yet  to  have  been  worked. 


1  No.  I.  from  Lloyd's  Ironstone  Co.,  Ltd.,  the  others  from  the  Ministry  of 
Munitions.  Nos.  II,  III,  V  and  VI  give  av  rage  values,  and  in  the  case  of  iron 
the  range  of  variation. 

2  For  this  well-section  see  '  Water  Supply  of  Bedfordshire  and  Northampton- 
shire '   (Mem.   Geol.   Surv.),   1909,  p.  152. 
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Mr.  E.  P.  Davis  (Bennerley  Furnaces,  Derbyshire)  works  the  Northampton 
Ironstone  by  opencast  west  of  Geddington,  on  the  S.  side  of  this  synclinal  trough. 
Several  of  the  old  pits  are  now  closed  :  the  two  principal  workings  are  both  on  the 
north  side  of  the  valley,  No.  '■'>  pit  at  the  east  end  of  the  worked  area,  south  of  the 
road  westward  from  Geddington,  and  No.  4  pit  north  of  that  road.  The  direction 
of  working  is  eastward  in  both  pits.  Besides  these  a  small  area,  known  as  the 
Turnip  Field,  is  still  being  worked  on  the  south  side  of  the  valley  ;  and  is  the 
second  worked  area  westward  from  Geddington  as  shown  on  the  map  (PI.  VIII). 

The  cover  attains  a  maximum  thickness  of  about  20  ft.  in  Nos.  3  and  4  pits, 
much  less  in  the  Turnip  Field.  The  thickness  of  ironstone  is  about  8  ft.  in 
No.  3  ;  9  ft.  6  ins.  to  10  ft.  in  No.  4  ;  and  about  5  ft.  in  the  Turnip  Field.  In  the 
rest  of  the  ground  remaining,  but  not  now  worked,  on  the  south  side  of  the  valley, 
the  ironstone  is  said  to  average  6  ft. 

The  following  sections  show  the  sequence  of  strata  in  the  two  larger  pita 
now  working : — 

Section  in  No.  3  pit,  at  N.E.  end. 

Thickness. 
Lincolnshire  Limestone —  Ft.  ins. 

Soil  and  remnants  of  basal  limestone,  about         ...         ...         4     <5 

Lower  Estuarine  Series — 

Pale  blue  clay,  up  to  about 1     6 

Buff  and  white  fine-grained  sand  and  sand-rock,  about     ...         5    0 

Northampton  Ironstone — 

Bluish-grey,  more  or  less  oolitic  and  probably  sandy  lime- 
stone C  bastard  stone'  rejected),  up  to 1     6 

Brown  oolitic  ironstone  varying  from  darker  to  lighter 
colour,  with  some  hard  and  massive  beds  in  the  middle 
and  lower  parts,  some  of  these  in  the  lower  part  being 
blue-hearted  :  not  much  '  box-structure  ' ;  but  in  some 
parts  numerous  horizontal  laminae  of  brown  ferric 
oxide  8  ft.  or        9    0 

Section  in  No.  4  pit,  at  middle  of  east  side. 

Lincolnshire  Limestone — 

Soil  and  disintegrated  remnant  of  limestone         ...    nil  to         3     0 

Passage-  beds  ? — 

Yellow  fine-grained  sand,  about       ...         ...         ...         ...         3     6 

Irregular  bands  of  alternate  limestone  and  sand,  about     ...         I     0 

Lower  Estuarine  Series — 

Yellow  sand,  coarser  than  that  below  ;  reddish  at  bottom, 

about 4     0 

Black  carbonaceous  shaly  clay,  about         10 

Very    line-grained    pale-grey    silt,    with    the    texture   of 

fuller's  earth,  about  ...  ...         ...         ...         ...         0     6 

Very  fine-grained  light  brownish  grey  muddy  silt,  about...        1     6 
Fine-grained  buff  and  white  silty  Band,  about    ...        ...        3    0 

Northampton  Irontton*    - 

Bard  massive  aomewhal  oaloareoua  brown  oolitic  iron- 
stone, more  or  less  brae-hearted  :  a  shelly  calcareous 
band  in  lower  part,  about...        ...        ...        ...        ...        4    0 

Hither  hard  massive  and  thin-bedded  brown  densely 
oolitic  ironstone,  with  a  good  deal  of  '  box-structure ' 
in  upper  and  lower  parts;  less  in  the  harder  add  more 
massive  middle  part:  in  all  parts  the  larger  hicks 
arc  here  and   there  bine-hearted  ...  ...  ...  7     8 

In  No.  3  pit  there  a  re  numerous  small  clay-  and  sand- 'lju  lis  'coming  down  from 
above,  and  these  appreciably  diminish  the  average  thickness  of  workable  iron* 
stone. 

The  middle  part  of  the  ironstone  is  regarded  as  generally  1  est.  Towarda  the 
bottom  the  stone  beoomes more  sUiceoua and  generally  teae 

to  pass  down  into  the  basal  sandy  beds,  of  which  the  thickness  has  not  been 
proved  here. 
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The  following  partial  analyses1  show  the  character  of  Mr.  Davis's  Geddington 
ironstone : — 

I.  II. 


Raw  ore,  as 

Raw  ore,  as 

> 
Calcined. 

received. 

received. 

per  cent. 

per  cent. 

per  cent. 

Iron    ... 

3-i 

33 

440 

Silica 

9 

10 

133 

Alumina 

6 

6 

8-0 

Lime  ... 

5 

8 

10-0 

Phosphorus  ... 

•5 

o 

•68 

Loss  on  calcination  , 

... 

25 

— 

In  both  the  larger  pits  the  cover  is  removed  by  steam-navvy,  but  the  ironstone 
is  worked  by  hand.  In  the  Turnip  Field  both  cover  and  ore  were,  at  the  time, 
being  worked  by  hand.  All  the  green  stone  and  the  large  lumps  of  brown  are 
calcined,  the  proportion  of  stone  calcined  being  about  half.  The  ironstone 
is  sent  direct  to  the  Bennerley  furnaces. 

The  Sheepbridge  Coal  and  Iron  Co..  Ltd.,  work  the  Northampton  Ironstone 
at  Desborough,  on  the  north  side  of  the  railway.  Work  is  proceeding  chiefly 
westward  in  the  northern  part  and  norttnvard  in  the  southern  part  of  the  present 
working  area  :  but  a  farther  extensive  lease  a  little  farther  to  the  north-east  has 
not  yet  been  touched. 

The  cover,  usually  thick,  ranges  from  9  ft.  to  26  ft.,  and  the  ironstone  averages 
9  ft.,  with  worthless  sandy  stone  below.  The  ore  shows  an  unusually  calcareous 
character  for  about  100  yards  in  the  middle  of  the  long  working-face  that  trends 
north-east,  where  the  following  section  was  noted  : — 

Thickness. 
Thin  boulder-clay —  Ft.  ins. 

Northampton  Ironstone — 

Hard  pale  grey  limestone,  only  slightly  oolitic,  with  white 

ooliths,  the  matrix  largely  crystalline  calcite,  about   ...         10 

Hard  calcareous,  green -hearted,  more  oolitic  stone,  with 
crusts  of  brown  f  rric  oxide — probably  a  poor  iron- 
stone— about  ...         ...         ...         ...         ...         ...         0     8 

Greenish-grey  dense  hard  ferriferous  limestone,  some 
parts  not  oolitic  at  all,  but  others  more  or  less  oolitic  : 
crusts  of  brown  ferric  oxide  along  joint  and  bedding- 
planes  ...         ...         ...         ...         ...         ...         ...         10 

Brown  oolitic  ironstone,  rather  soft,  with  '  box-structure  ' 

of  ferric  oxide,  about  6    0 

(bottom  of  working-face). 

The  abnormal  and  highly  calcareous  upper  beds  apparently  thin  out  in  both 
directions  and  give  place  to  normal  ironstone.  The  lower  sandy  beds  below  the 
working-face  consist,  as  seen  in  drainage-trenches,  of  blue  or  green  calcareous 
and  ferriferous  sandstone,  of  the  usual  type  of  the  basal  beds  in  the  district. 
It  is  said  that  between  this  basal  blue  or  green  sandstone  and  the  brown  iron- 
stone above,  a  white  sandy  bed  is  usually  found  just  below  the  floor  of  the  working  : 
where  seen  at  one  point  this  white  bed  consisted  of  almost  pure  white  quartzose 
sandstone,  of  quite  unusual  appearance  in  the  Northampton  Sand. 

The  cover  consists  mainly  of  boulder-clay,  but  in  some  parts  of  the  '  face  ' 
a  bed  of  white  very  fine-grained  sand,  about  9  ft.  thick,  and  surmounted  locally 
by  a  patch  of  pale-grey  clay,  both  sand  and  clay  belonging  to  the  Lower 
Estuarine  Series,  overlies  the  ironstone. 

Cover  and  ironstone  are  both  worked  by  steam-digger.  The  local  cal- 
careous upper  beds  of  the  ironstone  described  above  are  not  rejected  in  working 
the  stone  :  the  large  lumps  in  which  these  hard  beds  are  got  by  the  steam-digger 
have  to   be  broken   by  hand. 


From  the  Ministry  of  Munitions. 


1.1 

II.2 

(Average  for 

III.3 

per  ce  it. 

Sept.,  1917). 

per  cent, 

35-0M 

31-70 

29-40 

— 

...       37-80 

34-53 

17-57 

...       13-45 

14.42 

,     5-931 

— 

6-20 

•827 

5-79 

5-42 

,     trace 

— 

•37 

.       -254 

— 

•20 

.      032 

— 

•04 

•318 

•605 

•49 

,     8-800 

...       1602 

14-85 
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The   following   are   analyses   of    the    Sheepbridge    Company's    Desborough 
ironstone : — 


Raw  ore,  as  received. 

Iron 

Iron  (dried  at  100°  C.) 

Silica  

Alumina 
Lime  ... 
.   Magnesia 
Manganese    ... 
Sulphur 
Phosphorus  ... 
Moisture       

The  Company's  own  furnaces  at  Sheepbridge  consume  about  two-thirds  of 
the  output.     Calcining  has  only  recently  been  done  at  the  quarries.     The  prac- 
tice now  is  to  calcine  there  any  surplus  worked  above  immediate  requirements. 
Between  the  south-west  side  of  the  Sheepbridge  Company's  ground  and  the 
railway  the  Kettering  Iron  and  Coal  Co.,  Ltd.,  have  a  small  area  of  ironstone, 
not  yet  worked. 

The  Desborough  Co-operative  Society,  Ltd.,  have  worked  out  a  small  area 
of  ironstone  on  the  south-west  side  of  Desborough.     The  old  working-face  there, 
which  has  practically  reached  the  outcrop-edge  of  the  ironstone  along  the  north- 
west side  of  the  area,  shows  the  cover,  consisting  almost  entirely  of  boulder-clay 
and  gravelly  drift,  to  vary  in  thickness  from  2  ft.  at  the  north  end  to  14  ft. 
farther  south,  and  the  ironstone,  as  last  worked,  to   range  from  4  ft.  6  ins.    to 
6  ft.  6  his.  exceptionally.     The  following  is  a  section  of  the  beds  near  the  north 
end  : — 

Ft.  Ins. 
Soil  and  remnant  of  drift       ...  ...  ...  ...         ...         2     6 

Buff    sand-rock    and     sand     (local    remnant    of     Lower 

Estuarine  Series)    ...         ...         ...         ...         ...         ...         10 

Northampton  Ironstone — 

Rather    light    brown    somewhat    calcareous,    but    well- 
weathered,  oojitic  ironstone  (in  the  top  much  small  '  box- 
structure  '  of  brown  ferric  oxide)  ...         ...         ...         10 

Deeper  yellowish-brown  oolitic  ironstone,  rather  stronger, 
with  much  small  cellular-  and  'box- structure'  and  some 
shelly  beds,  about  ...         ...         ...         ...         ...         3     6 

Rich-looking    weathered     brown    oolitic    ironstone    with 

still  more  small  cellular- and  "  box-structure  '    ...  ...         0     4 

Stronger    yellowish-brown     oolitic    ironstone,     probably 
rather  sandy,  with  less  'box-structure'...        ...        ...        1    0 

The  Co-operative  Society  are  now  working  another  area  extending  from 
Thorpe  Underwood,  one  and  a  quarter  miles  west  of  Rothwell  Bouth-westward 
towards  Harrington,  ami  divided  into  three  separate  workings.  In  these  the 
direction  of  working  is  south-eastward  from  the  outcrop-edge,     Except  in  the 

most  northerly  of  the  three,  in  which  a  small  remnant  of  ore  is  worked  towards 
■iter  edge   on    the   north-west    side. 
The  thickness  of  COvei  in   these  workings  varies  from   nil  to  8  or  9  ft.      The 

working-thiekness  of  ironstone  averages  <>  ft.,  but  this  stone  passes  down  into 

■  of  inferior  quality,  very  calcareous  as  well  as  sandy,  of  which  there  is 

probably  another  6  ft.  beloM   the  floor  of  the  workings.     The  section  in  the 

middle  of  the  Harrington   pit,   the  most  south-westerly,  showed: — 

kt.  ins. 

Soil         3  ft    to  1     0 

Low  t  Estuarii 

White  sand       1  ft.  to        3    0 

Yellow  sand,  about     ...        ...        ...        ...        ...        ...        0    8 


1    From    the   Ministry  of   Munitions. 
■'  From  the  Sheepbridge  Goal  and  Iron  Co.,  Ltd. 
From  F.  11    Hatch,  'Average  Analyses  of  British  Iron-ores  and  Ironstones 
produced  in   1917    IS'  (Ministry  of  Munitions  of  War),    l'.'> 
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Northampton  Ironstone —  Ft.  ins. 

Brown  sandy  ironstone  (rejected)     4  ins.  to        0     8 

Rather  thin- bedded,  close-jointed  brown  oolitic  ironstone, 
said  to  contain  34  per  cent,  of  iron,  with  much  '  box- 
structure,' about      ...         ...         ...         ...         ...         ...         6    0 

Inferior  sandy  and  calcareous  ironstone  (not  seen),  said  to 

contain  not  more  than  20  per  cent,  of  iron         — 

There  are  no  unweathered  green  beds. 

At  a  small  fault,  which  throws  down  the  ironstone  two  or  three  feet  on  its 
north  side,  and  throws  out  the  estuarine  sand  on  the  other  side,  the  ironstone  is 
said  to  be  workable  down  to  the  same  level  on  both  sides.  This  of  course  suggests 
redistribution  of  iron  in  the  weathering  stone  subsequently  to  the  faulting. 

The  following  analyses  represent  the  chemical  composition  of  the  Desborough 
Co-operative  Society's  ironstone  at  their  Thorpe  Underwood  and  Desborough 
pits : — 

I.1     Thorpe  II.2     Desborough 

Underwood  Pit.  Pit. 

Raw  ore.  as  received.  per  cei*t.  per  cent. 

Iron "  32-70  ...  34-59 

Iron  (dried  at  100°  C.)    ...     37-80  ...  [41-39] 

Silica  15-15  ...  11-20 

Alumina        7-79  ...  7-59 

Lime 3-59  ...  10-20 

Magnesia       -16  ...  1-16 

Manganese -09  ...  -02 

Sulphur         -073  ...  -26 

Phosphorus  ...         ...         ...         -59  ...  — - 

Moisture        18-79  ...  16-43 

Loss  on  ignition       ...  ...     11-46  ...  18- 00 

All  working  is  opencast,  by  hand-labour.  In  the  Harrington  and  Thorpe 
Underwood  pits,  where  locally  the  upper  part  of  the  ironstone  is  disintegrated 
and  has  passed  into  the  cover,  good  ore  is  saved  from  the  cover  by  shaking  out 
with  the  fork.     All  the  ore  is  sold. 

The  Stanton  Ironworks  Company's  Rothwell  Hill  quarries  are  situated  on 
the  north-west  side  of  Rothwell,  almost  in  continuation  of  the  line  of  the  Des- 
borough Co-operative  Society's  Thorpe  Underwood  workings.  The  Stanton 
Company's  two  pits  are  separated  only  by  the  road  from  Rothwell  to  Desborough 
and  are  distinguished  as  the  Long  pit,  with  a  working-face  3.900  ft.  in  length, 
on  the  south  side  of  the  road,  and  the  Little  pit,  with  a  working-face  of  1 ,500  ft., 
on  the  north  side.  The  direction  of  working  is  south-eastward,  away  from  the 
outcrop-edge. 

The  cover,  consisting  in  both  pits  entirely  of  boulder-clay  (which  cont  ins 
large  tabular  mottled  grey  flints,  some  of  them  striated)  ranges  in  thickness 
from  26  ft.  down  to  15  ft.,  with  an  average  of  19  or  20  ft.  in  the  Long  pit ;  while 
throughout  the  greater  part  of  the  Little  pit  it  varies  between  3  ft.  and  9  ft.,  but 
increases  to  20  ft.  at  the  south -west  end.  The  average  thickness  of  workable 
ironstone  in  the  Rothwell  Hill  pits  is  about  9  ft.,  with  n"  ft. — 12  ft.  of  worthless 
sandy  stone  below.  In  the  Long  pit  the  ore  is  practically  all  weathered  brown, 
with  no  trace  of  blue  cores,  except  here  and  there  at  the  bottom  of  the  working. 
It  is  densely  oolitic,  and  on  the  whole  rather  hard,  massive,  and  sharp-jointed 
with  abundant  '  box-structure,'  but  not  in  the  final  stage  of  small  crusts  en- 
closing little  rounded  and  bleached  cores.  In  the  Little  pit  the  ironstone  main- 
tains the  same  character  at  th  •  south-west  end.  But  n<  rth -eastward,  on  approach- 
ing its  outcrop,  it  becomes  less  hard  and  much  less  clean  in  appearance,  s  ime 
of  the  joints  being  faced  with  clay  from  the  cover,  while  a  few  widened  joints 
become  regular  '  clay-gulls,'  which  must  be  rejected.  In  the  same  direction  the 
lowest  beds  worked  become  somewhat  sandy,  while  some  of  the  higher  beds  are 
distinctly  calcareous.  The  Rothwell  Hill  ironstone  is  expected  to  yield  315-34 
per  cent,  of  iron  (raw  stone,  moist).     The  lime-content  is  said  to  vary  between 
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2  and  7  per  cent,  in  the  Long  pit,  and  between  3  and  7-4  per  cent,  in  the  Little 
pit.     The  following  is  a  partial  analysis1  of  the  raw  ore:  — 

Per  cent. 

Iron       37-0 

Silica      17-u 

Lime      ...         ...         ...         ...         ...         ...         ...       5*0 

Phosphorus       ...  ...  ...  ...  ...         ...  -7 

One  steam-navvy  is  employed  for  baring  the  ironstone  i.i  the  Long  Pit:  all 
other  work  i3  done  by  band.  There  is  no  treatment  of  the  ore  at  the  pit.  Tne 
Stanton  Company  ordinarily  use  all  their  ore  from  these  pits  in  their  own  furnaces  ; 
but  occasionally  they  sell  a  little  of  it.  Snne  part  of  the  ore  is  calcined  in  kilns 
at  Stanton. 

The  next  workings  eastward,  known  as  Roth  well  Deep  and  Roth  well  S  tallow 
pits,  more  than  half  a  mile  east  of  Roth  well,  belong  to  Messrs.  James  Pain,  Ltd., 
who  have  an  important  group  of  workings  extending  thence  north-eastward 
and  eastward  in   the  directions  of  Geddington  and  Weekley. 

In  the  Rothwell  Shallow  pit,  including  the  northern  part  of  the  worked  area 
indicated  on  the  map  (PI.  VIII)  and  separated  from  the  Deep  pit  on  the  south 
merely  by  the  road  from  Weekley  to  Rothwell.  the  cover  consists  of  1-3  ft.  of  a  >il, 
and  the  ironstone,  a  well-weathered  brown  oolitic  ore,  averages  7  ft.  in  thickness. 
All  work  is  done  by  steam-navvy. 

In  the  Deep  pit  the  over  consists  of  Chalky  Buulder-clay,  varying  from 
12  ft.  to  IS  ft.  The  ironstone  has  a  thickness  of  12  ft.  and,  except  the  bottom 
bed,  which  is  hard  and  calcareous,  with  a  little  blue-hearted  stone,  all  the  ore 
consists  of  soft  brown  oolitic  ironstone,  mostly  thin-bedded,  with  much  inter- 
laminated  brown  oxide  as  well  as  small  cellular  structure.  Both  cover  and 
ironstone  are  worked  by  hand,  as  the  soft  stone  is  easily  got  with  pick  and 
shovel :   but  the  hard  bed  at  the  bottom  is  blasted. 

The  road  separating  the  two  pits  runs  along  a  broad  ridge  bounded  by  valleys 
north  and  south,  so  that  the  ironstone  crops  out  in  both  directions.  The  direction 
of  working  is  from  the  road  towards  the  outer  edge,  northward  in  the  Shallow 
and  southward  in  the  Deep  pit. 

The  length  of  working-face  is  1,350  ft.  in  the  Deep  and  900  ft.  in  the  Shallow 
pit.     Partial  analyses-  of  the  raw  ore  are  as  follows : — - 

Rothwell  Rothwell 

Shallow  pit.  Deep  pit. 

I.  II. 

per  cent.  per  cent. 

Iron 32-2  ...  31-5 

Silica  110  ...  10-5 

Lime 1-5  ...  2-0 

Phosphorus 1-2  ...  1-0 

The  other  workings  belonging  to  Messrs.  Tain  in  this  neighbourhood  and 
known  collectively  as  their  Kettering,  Glendorj  or  Weekley  pits,  form  a  group 
extending  from  the  [se  valley  on  the  north  to  the  tributary  valley  of  the  Slade 

and  the  northern  Outskirts  OI   Kettering.      Of  these,  the  pits  on  the  west  side  of 

the  railway  to  Market  Barborougfa  have  been  worked  out  and  abandoned  ;  but 
a  smaller  area  ( Knobby's  Hole)  remains  incompletely  worked  in  the  angle  between 
the  two  branches  of  the  railway.     Adjacent  to  the  railway  on  foe  .■  are 

the  Glendon  Shallow  (northern)  and  cherry  Hall  [southern)  pits,  the  former 
adjoining  the  most  westerly  of  the  Geddington  workings.  The  area  intervening 
between  Hie  Glendon  Shallow  and  Cherry  Hal]  pits  is  now  being  worked  north- 
eastward from  tin'  latter.  Eastward  of  the  Cherry  Hall  pit  ami  separated  from 
it  by  the  road  northward  from  Kettering  to  Rockingham  are  the  Bridge.  Wood 
Line,  and  Boughton  pits,  the  last-name  I  south  of  the  road  to  Weeklev.  with 
a  large  area,  worked  out  on  its  south  side.  The  pits  working  in  1917  were  the 
Boughton,  Wood  Line.  Bridge  ami  Cherry  Hall  juts;  also  Clendon  Shallow, 
with   a   small  output,    work   in    this   pit   being  almost    iinishei. 
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J     Thickness  of 

Thickness  of 

cover. 

ironstone. 

ft. 

ft. 

20 

10 

3 

6 

25 

13 

20 

13 

15 

9 

18 

13 

The  details  of  cover,  ironstone  and  length  of  working-face  in  the  several  pits 
are  as  follows  : — * 

Length  of  f; 
Name  of  Pit.  in  feet. 

Knobby's  Hole        ...       900 
Glendon  Shallow,  about  700 

Cherry  Hall 6.900 

Bridge  500 

Wood  Lane 600 

Boughton      4,620 

The  following  sections  were  noted  : — 

Cherry  Hall  Pit,  about  middle  of  working-face. 

Lincolnshire  Limestone—  Ft.  ins. 

Cream-coloured  more  or  less  oolitic  limestone        ...   up  to         3    0 

Lower  Estuarine  Series — 

Pale  brownish-grey  silty  sand  ...  ...  ...  ...  1  6 

Dark  grey  shale  about  4  0 

Lighter  grey  very  fine  micaceous  silt  ...  ...  ...  2  6 

Obscured       ...         about  6  0 


Northampton  Ironstone — 

Massive  brown  oolitic  ironstone,  with  scarcely  any  green 
cores  except  near  bottom :  much  '  box-structure ' 
especially  in  upper  part :  lirne-deposit  on  joints  :  some 
cross-bedding  :  lowest  beds  apparently  rather  sandy : 
thickness       ...         ...         ...         ...         ...        9  ft  6  ins.  to  13 


Boughton  Pit,  at  footbridge. 


Soil 


about        2     0 


Lower  Estuarine  Series — 

Pale  purplish-grey  shaly  clay  ...         ...         ...  about        2     0 

Pine  white  silty  sand  ...         ...         ...         ...         ...  about         6    0 

Northampton  Ironstone — 

Variable  hard  and  soft  brown  ironstone,  strongly  oolitic 
where  less  weathered,  with  much  '  box-structure  '  of  brown 
ferric  oxide  in  joints  and  particularly  in  close  horizontal 
laminae  :  in  lower  part  some  blue  cores  in  thin  beds : 
seen        ...       9  ft.  to  9 


The  following  analyses2  represent  the  character  of  the  raw  ironstone  hi  the 
several  pits : — 


Name  of  Pit. 


Knobby's 
Hole. 


Glendon 
Shallow. 

II. 


Cherry 
Hall. 

III. 


Bridge. 
IV. 


Wood 
Lane. 


Boughton. 
VI. 


Iron 

31-5 

36-45 

32  0 

32  0 

33-2 

32-5 

Iron  (dried  at 

100°    C.)  ... 

— 

40-93 

— 

— 

— 

— 

Silica 

90 

14-20 

9-0 

10-5 

10-5 

10-5 

Alumina 

— 

7-02 

— 

— 

— 

— 

Lime 

2-5 

•94 

2-5 

10 

2-0 

10 

Magnesia 

— 

•49 

— 

— 

— 

— 

Manganese 

— 

•24 

— . 

— 

— 

— 

Sulphur 

— 

•027 

— 

— 

— 

— 

Phosphorus 

•95 

•659 

•95 

•85 

1-4 

•9 

Moisture 

10-94 

"~ 

— 
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Work  is  done  largely  by  steam-navvy.  The  ore  is  not  calcined  at  the  pita. 
The  whole  output  is  sold. 

Three  or  more  borings  carried  out  by  Messrs.  Pain  in  Weekley  Hall  Wood, 
in  the  angle  between  their  most  easterly  workings  on  the  south  and  the  Geddington 
pits  on  the  north,  proved  the  ironstone  at  considerably  greater  depth  than  in  the 
neighbouring  opencast  workings. 

East  Side  of  Main  Northampton  ore-field. 

On  the  east  side  of  the  iron  field  the  nearest  workings  to  .Messrs.  Lloyd's  at 
Corby  and  Weldon  are  those  of  the  Islip  Iron  Co.,  Ltd.,  at  Sudborough  and 
Lowick.  No  ironstone  has  as  yet  been  worked  in  the  intervening  ground  either 
on  that  side  or  in  the  interior  of  the  ore -held,  where  the  ironstone  rarely  reaches 
the  surface,  and  in  the  synclinal  part  of  the  field  (see  p.  151)  must  lie  at  consider- 
able depth.  The  ironstone  has  not  been  proved  between  the  village  of  Stanion 
and  Brigstock  two  miles  east-south-east  of  it ;  and  in  that  distance  the  strata 
may  be  expected  to  traverse  the  trough  of  the  west-east  syncline  (PL  VII.  Sect.  1). 

The  section  of  a  bore-hole  near  Farming  Wood  Hall1  about  1  J  miles  north- 
east of  Brigstock,  somewhat  farther  eastward  than  any  outcrop  of  the  ironstone 
in  that  part  of  the  district,  shows  7  feet  of  brown  stone  at  a  depth  of  159  feet. 
This  is  regarded, 'no  doubt  rightly,  as  the  Northampton  Ironstone.  The  boring 
probably  passed  through  a  fault,  which  cuts  out  the  greater  part  of  the  Great 
Oolite  and  Upper  Estuarine  Series. 

Workable  ironstone  has  been  proved  by  Messrs.  Lloyd  at  intervals  throughout 
the  distance  between  Brigstock  and  Sudborough,  and  good-looking  ore  crops  out 
in  the  stream-valley  1J  miles  due  south  of  Brigstock  church. 

The  Islip  Iron  Company's  most  northerly  working  is  Lowick  Glebe  pit. 
immediately  south-east  of  Sudborough  and  on  the  west  side  of  the  stream-valley. 
Their  workings  extend  southward  from  Sudborough  beyond  Islip  to  the  Kettering 
and  Huntingdon  Railway  ;  they  include  the  following  opencast  pits  and  under- 
ground mines  : — - 

Names  of  Method  of 

workings.  working.  Situation. 

Lowick  Glebe  ...     Opencast...     Immediately     south-east     of     Sud- 

borough, on  west  side  of  valley. 

Marsh's  „  |  mile  N.W.  of  Islip  village. 

Slipton  Mines  : — 

1.  Woodfield    ...     Mine        ...     1  i  miles  W.S.W.  of  Lowick : 

(Shaft:— Lat.   52°  24'   10*  N. : 
L  ng.  0°  36'  5*W.) 

2.  Willowclose ...     2  miles  W.S.W.  of  Lowick : 

(Shaft:— Lat.  52c  24'  10"  N.  ; 
Long.  0^36'  25"  W.) 

Church  Mine  ...     } mile  N.W.  of  the  fuma 

aft:— Lat.  52c  23'  36*  X.  ; 
Loi  g,  0C  34   55*  W.) 
Twywell       Opencast...     1  mile  W.  of  furnaces. 

The  Tslip  Company's  furnaces  are  situated  on  the  north  side  of  the  railway 
one  mile  west  w a rd  i  t  Islip. 

In  the  Company 's  most  northerly  working  Lo^  ick  Glebe,  the  cover,  practically 

•t  at  the  south-east  end.  increases  to  15  feet  in  the  north-west  jvirt.  and  is 
generally  thick  in  the  greater  part  of  the  working,  as  it  is  in  the  Marsh's  pit 
farther  south,  but  not  in  the  Twywell  pit,  situate!  in  the  valley  farther  west. 
It  consists  at  the  Lowick  Glebe  pit  of  Great  Oolite  Umest  »ne  at  the  top,  with 
Lower  Estuarine  sands  ami  clays  below,  ami  reaches  the  maximum  thickness  of 
cover  removed  in  opencast  working  in  this  district.  The  limestone  is  used  for 
fluxing  in  the  Islip  furnaces.     The  beds  have  B  perceptible  eastwa.nl  dip, 


'Water  Supply  of   Bedfordshire  and  Northamptonshire'  [Met 
Sun-.),  1909  p.  79,  w  here  a.  tentative  classification  of  the  strata  passed  through  is 
given.     An    independent    version    of    this    boring   obtained    in    the   district   and 
agreeing  in  all  essentials  with  the  published  vei  scribes  the  7  feet  of  brown 

stone  as  ferruginous. 
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Trial-holes  along  the  south  margin  of  the  field  immediately  north  of  the  pit 
proved  the  ironstone  at  depths  varying  from  40  feet  to  45  feet.  But  a  few  yards 
further  north  in  the  same  field  (without  any  appreciable  change  of  surface-level) 
the  depth  of  the  stone  increases  to  70 — 75  feet,  and  an  east-and-west  fault, 
throwing  doing  north,  seems  to  intervene  between  the  two  positions. 

The  ironstone  in  the  Lowick  Glebe  workings  is  for  the  most  part  brown  and 
yellowish-brown,  but  several  of  the  larger  blocks  in  the  lower  half  are  bluish- 
green  with  only  a  thin  crust  of  brown  oxidized  stone.  It  is  densely  oolitic, 
rather  thick-bedded  and  massive,  with  '  box-structure  '  on  a  large  scale.  The 
lowest  beds  worked  are  not  visibly  sandy.  The  thickness  in  the  middle  of  the 
northern  face  is  about  13  feet  6  inches,  a  greater  thickness  than  usual  in  the  Islip 
Company's  workings.  In  their  opencast  pits  the  workable  ironstone  is  generally 
about  9  feet  6  inches  or  10  feet  thick  :  in  the  mines  as  a  rule  about  8  feet  6  inches 
is  worked,  the  difference  being  due  to  the  necessity  of  leaving  the  top  bed  to  make 
a  roof. 

In  a  shaft  sunk  to  the  ironstone  a  quarter  of  a  mile  north-east  of  the  furnaces 
and  known  as  the  Peray-hole  shaft  the  workable  ironstone  was  found  to  have 
a  complete  thickness  of  7  ft.  6  ins. — a  less  thickness  than  anywhere  else  in  the 
Company's  workings — at  a  depth  of  38  ft.  6  ins.,  the  uppermost  18  ft.  consisting 
of  broken  and  thin-bedded  limestone  (Great  Colite).  The  ironstone  is  not  worked 
from  this  shaft.  Soft  blue  ironstone  below  the  above  thickness  of  harder  ore 
contained  only  335  per  cent,  of  iron  in  the  dried  stone  (c/.  analysis  of  the  main 
stone  on  p.   185). 

In  the  Wood  field  shaft  the  top  of  the  ironstone  lies  at  a  depth  of  90  ft.  8  ins. 
and  at  207  O.D.  There  is  32  ft.  5  ins.  of  boulder-clay  at  the  top  of  the  shaft, 
above  Great  Oolite  Limestone.     (See  PI.  VII,  Section  2.) 

A  cutting  close  to  the  adit   of    the  Willowclose    mine  shows  the  following 
sequence : — 

Ft.  ins. 
Limestone  (?  Estwirine),  up  to         ...  ...  ...  ...         2     0 

Calcareous  marl  with  oyster-bed       ...         ...         ...       2  ft.  to  3     6 

Lower  Estuarine  Series — 

Very  fine-grained  buff  marly  sand,  about  ... 
Brown  carbonaceous  very  fine-grained  sandy  clay,  up  to 
White  i  nd  pale  grey  very  fine-grained  silty  sand,  becoming 
almost  an  impalpable  siliceous  mud  in  parts,  about     ... 
Strong  blue  clay 

Northampton  Ironstone — 

Ironstone  ...  ...  ...  ...  ...         ...         ...         — 

The  ironstone  bed  in  this  mine  is  subdivided  as  follows: — 
Top  bed  (left  in  as  roof) — 

Hard  brown  decalcified  oolitic  ironstone,  with  a  shell-bed 
(which  contains  a  small  ribbed  Trigonia),  all  the  shells 
being  represented  merely  by  casts  and  moulds :  thick- 
ness 9  ins.  to  2  ft. ;  average  ...         ...  ...         ...         1     6 

Middle  bed — 

Hard  deep  greenish-blue  densely  oolitic  ironstone,  with 

occasional  partings  of  brown  oxide  in  bedding-planes 

and  joints,  about     ...         ...         ...         ...         ...         ...         2     6 

Hard  grey  dense  and  compact  carbonate-ironstone,  much 

of  it  devoid  of  ooliths,  about       ...         ...         ...         ...         10 

Hard    deep    greenish-blue   densely   oolitic    ironstone,    as 

above:  about  ...  ...  ...         ...  ...         ...         3     0 

Lower  bed — 

Soft  and  friable  deep  greenish-blue  densely  oolitic  ironstone 
rarely  in  some  of  the  other  workings  up  to  5  ft.  :  here  at 
least 2     0 

Basal  sandy  bed  (not  worked) — 

Inferior  greyish -blue  sandy  ironstone         ...         ...         ...         — 

A  similar  subdivision  applies  to  the  ironstone  in  the  Islip  Company's  other 
mines. 

The  strata  at  the  Willowclose  and  Woodfield  mines  have  a  general  eastward  dip 
amounting  to  about  1  in  100  in  the  former  mine  and  1  in  29  in  the  latter. 


9 

0 

5 

0 

0 

0 

1 

0 
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At  the  shaft  of  the  Church  mine  farther  south,  where  the  top  of  the  ironstone 
lies  at  157  O.D.,  the  beds  on  the  north  side  dip  at  first  north  and  then  change 
to  a  southerly  dip,  so  that  the  workings  there  traverse  an  east-west  syncline. 

In  the  Company's  opencast  workings  work  is  done  for  the  most  part,  if  not 
entirely,  by  hand.  In  underground  mining  the  Btone  is  got  by  hand,  after  blast- 
ing some  part  of  it.  The  method  of  mining  the  stone  is  to  work  out  the  soft  bottom 
bed  first,  and  for  this  a  somewhat  greater  thickness  than  2  ft.  is  preferre.il  in  that 
bed,  then  to  blast  the  rest  of  the  stone.  So  far,  the  roof-bed  has  not  been  re- 
covered, except  where  it  lias  fallen. 

In  the  Woodfield  mine  the  direction  of  mining  has  been  eastward  from  the 
adit,  and  the  area  worked  amounts  to  about  21  acres,  but  so  far  about  half 
has  been  left  in  as  pillars.  In  the  Willowclose  mine  the  direction  of  working 
is  almost  due  west:  not  much  ground  there  has  been  completely  worked  out, 
but  a  good  deal  has  been  opened  up  in  the  course  of  ten  years'  work.  The  Church 
mine  works  due  north. 

Altogether  the  amount  of  ore  so  far  raise  1  from  these  mines  amounts  t  j  about 
three-quarters  of  a  million  tons. 

The  following  analyses1,  of  which  all  but  the  last  are  average  bulk-analyses 
representing  a  large  amount  of  ore.  si  iw  the  chemical  composition  of  the  Islip 
Company's  raw  ore  : — 


Lowick  Glebe 

Twj  well 

Woodfield 

Perav-hole 

Quarry. 

Quarry. 

Mine. 

Shaft. 

7  ft.  6  ins. 

(dried  ore.) 

(dried  ore.) 

(dried  ore.) 

(dried  ore.) 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

Iron     (in    moist 

ore)    ... 

.    330-1 

.     37-92 

...     30-74 

— 

Iron,  dried  at  100 

C 

..  3940 

.     4340 

...     3630 

...    34-70 

Silica,              do. 

1805 

.     1190 

...       9-60 

...     11-30 

Alumina,         do. 

610 

.       580 

...       708 

6-  57 

Lime,              do. 

2-35 

.       300 

...       7-35 

...       4-50 

Magnesia,        do. 

•648      .. 

•564 

...       1314 

...       1-53 

Manganese  oxide. 

•558      .. 

.         -419 

•316 

09 

dried  at  100°  C. 

Sulphur           do. 

057      .. 

•  1 69 

•458 

•39 

Phosphorus,    do. 

•784      .. 

•693 

■821 

•74 

Average  moisture 

(in  moist  ore) 

16-13 

.     13-56 

...     1528 

— 

Trials  carried  out  by  the  Islip  Co.  on  the  ground  over  which  they  have  the 
option  of  working,  showed  that  the  ore  becomes  too  poor  and  siliceous  for  use 
under  existing  conditions,  eastward  of  a  line  running  aorth-eastward  a  short 
distance  east  of  their  furnaces  nearly  to  Islip.  and  thence  northward  to  Lowick. 
as  shown  approximately  by  the  stipple  on  the  map  (PL  VIII).  Vet  the  ore  was 
formerly  mined  at  Woodford,  to  an  uncertain  extent  east  of  this  line:  and  good 
ore  is  found  at  Denford,  still  farther  east,  where  it  is  [eased,  though  not  yet 
worked,  by  the  Ebbw  Vale  Co..  and  at  Ringstead.-  where  it  was  formerly 
worked  for  several  years  from   1872. 

The  Tslip  Co.  smelt  all  their  ore  in  their  own  furnaces.  They  have  until  re- 
cently been  making  a  fluid  foundry-iron  and  some  forge-iron  entirely  from  their 
Northampton  Ironstone;  but  during  the  war  they  have  turned  out  some  basic 
pig  for  steel-production,  after  adding  nu  d  some  calcareous  Marl- 

stone  ore. 

A   small  area    at   Twywell.   west   of    [slip,    between    the  Twywell  and    Sfipton 

workings  of  the  [Blip  Go  ,  is  worked  by  Mr.  F.  Young,  opencast,  with  one  working- 
face  600  ft.  in  length.     The  thickness  of  cover  ranges  from  ml  to  27  ft.,  and  the 

1  From  the  Islip  Iron  Go. 

-  •  Mineral  St  tistics  of  the  United  Kingdom ' (Mem.  QeoL  8vrv.),  and  Home 
Office  Records. 
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ironstone  averages  10  ft.     The  output  is  sold  in  the  calcined  state.     The  follow- 
ing is  an  analysis1  of  the  calcined  ore : — 


Calcined  ore,  as  received. 


Iron 

Silica 

Alumina 

Lime 
Phosphorus 


per  cent. 

.     44-27 
.     133 
.       753 
.       4-70 
•87 


Loss  in  calculation      ...         ...         ...         ...         ...       4*50 

Moisture  1-18 


Central  part  of  Main  Xorthampton  ore-field. 

The  Cranford  Ironstone  Company,  owned  jointly  by  the  Staveley  Coal  and 
Iron  Co.,  Ltd..  and  Messrs.  James  Oakes  &  Co..  Ltd.  (Alfreton),  work  the  Xor- 
thampton Ironstone  south-east  and  east  of  Cranford,  on  both  sides  of  the  railway. 

The  working-area  north  of  the  railway  is  divided  into  three  'faces,'  corres- 
ponding to  the  three  branches  of  the  worked  area  as  shown  on  the  map.  These 
are.  from  north-east  to  south-west : — (1)  Jack  Spinney  ;  (2)  Eleven  Acre;  (3)  Old 
Duke's:  the  directions  of  working  being  north-westward  in  (1),  north-eastward 
in  (2),  and  northward  in  (3).  The  principal  working-area  of  these  at  the  present 
tune  is  the  Eleven-acre  'face'  in  which  the  cover  ranges  generally  from  3  ft. 
to  22  ft.,  and  exceptionally  to  32  ft.  in  one  part,  the  ironstone  having  a  thickness 
of  8 — 10  ft.,  with  5  ft.  of  sandy  stone  below,  which,  where  exposed,  has  a  bright 
orange-brown  colour,  with  pale-green  cores.  The  ironstone  is  similar  to  that 
of  the  Glebe  'face  '  (see  below),  but  thinner-bedded,  with  closer  '  box-structure  ' 
and  cellular  weathering,  the  upper  part  being  rather  calcareous.  Li  the  middle 
of  this  face  is  a  striking  example  of  the  kind  of  sharp  anticline  noted  at  Market 
Overton  (see  p.  169)  and  elsewhere,  as  producing  a  '  clay-gull '  from  below. 
The  structure  has  evidently  been  produced  along  a  line  of  weakness  by  lateral 
movement,  in  beds  otherwise  level,  with  little  evidence  of  movement.  In  this 
case  the  beds  rise  suddenly  into  a  sharp  anticline,  with  dips  of  about  45°,  so  as 
to  bring  the  top  of  the  Upper  Lias  clay  to  the  surface  of  the  ground,  on  which 
the  fold  produces  a  very  slight  ridge  trending  north-east.  In  section,  the  fold 
flattens  out  rapidly  to  the  south-east,  and  diminishes  to  a  gentle  dip  towards  the 
north-west.  In  the  core  of  the  fold  the  highest  beds  of  the  Upper  Lias  clay  are 
arched  into  a  sharp  simple  saddle.  This  passes  downward  into  a  blunter  complex 
fold  in  which  the  clay  is  puckered  into  many  wrinkles. 

In  the  same  Company's  Glebe  pit  south  of  the  railway,  where  the  direction 
of  working  is  southward  and  westward,  the  cover,  amounting  to  30  feet,  consists 
of  sands  and  clays  of  the  combined  Upper  and  Lower  Estuarine  Series,  with  an 
oyster-bed  in  the  Upper  Series.  The  ironstcne,  10  feet — 12  feet  thick,  is  nearly 
all  brown  and  oxidized,  with  very  few  green  cores  in  the  lower  part.  It  is  oolitic, 
fairly  hard,  and  in  rather  massive  beds,  with  more  or  less  '  box-structure.'  The 
middle  beds  are  considered  the  best,  the  upper  part  being  more  calcareous  and 
the  lower  distinctly  sandy.  Below  the  worked  ironstone  is  about  2  feet  6  inches 
of  '  bastard  '  or  green  sandy  stone,  resting  on  Upper  Lias  clay. 

Several '  clay-gulls,'  or  pockets  of  clay  let  down  along  widened  joints  and  small 
faults,  have  to  be  rejected.  They  are  sufficiently  numerous  to  dimmish  appre- 
ciably the  output  of  the  pit. 

All  working  hi  the  Cranford  Company's  pits  is  opencast,  and  done  entirely 
by  hand-labour.  There  is  no  treatment  of  the  ore  at  the  pit,  beyond  picking 
out  'clay-gulls.'  All  the  green  stone  and  the  v. orse  parts  of  the  red  stone  are 
calcined  in  heaps  or  '  clamps.'  The  whole  output  goes  to  the  Staveley  Co.'s  and 
Messrs.  Oakes's  furnaces.  The  following  are  analyses-  of  the  Cranford  Company's 
raw  ore  : — 


1  From  the  Ministry  of  Munitions.  2  Id. 


DETAILS 

:    NORTH A 

MPTOXSIIIRE. 

LI 

I. 

II. 

III. 

Ore  as  received. 

Per  c  nt. 

Per  cent. 

Per  cent. 

Iron           

34-  78 

33*83 

3409 

Iron     (dried     at 

100    (J) 

4110 

Silica          

19-29 

1207 

17*13 

Alumina    ... 

578 

346 

471 

Lime 

238 

116 

119 

Magnesia  ... 

Manganese 
Sulphur     ... 
Phosphorus 
Moisture 

•33 
19 
■16 
■42 

811 

■•;.-,      .. 

(MnO)       -13 

09       .. 

-43 

1710 

•10 

091 
■51 

16-84 

Loss  on  ignition  ... 

14-33 

— 

10-37 

The  Clay  (  r,  iss  I '  tmpany,  Ltd..  work  the  same  ore  on  the  west  side  of  C'ranford, 
now  exclusively  north  of  the  valley  and  the  railway.  A  considerable  area  has 
been  worked  out  by  mining  suuth  of  the  railway,  but  this  area  was  abandoned 
four  or  five  ye  ire  ago. 

The  surfaee-st  me  has  also  been  got  on  the  north  side,  where  the  stone  is  now 
mined  exclusively  from  the  outcrop.  The  cover  increases  from  45  feet  at  a 
distance  of  360  yards  from  the  mine  entrance,  along  the  main  road,  and  consists 
there  of  sand  with  some  clay,  the  lowest  member  being  sand,  which  increases 
the  difficulty  of  mining.  The  limestone  above  comes  in  a  little  further  on  as 
the  cover  increases.  The  thickness  of  ironstone  mined  averages  7  feet,  but 
varies  considerably.  In  addition  to  the  stone  extracted,  a  minimum  thicki; 
3  inches — 1  foot —  is  left  in  to  strengthen  the  roof.  About  4  feet  of  '  bastard  ' 
sandy  stone  below  is  also  left  in  the  door.  Tiie  ironstone  of  the  mine  now  worked 
is  regarded  as  poorer  in  lime  and  higher  in  silica  than  that  of  the  mine  now  disused 
on  the  south  side  of  the  railway. 

There  is  no  treatment  of  the  ore  at  the  pit.  Tne  green  ore  is  calcined.  S  ime 
calcined  stone  is  sold  and  goes  to  Staffordshire,  but  the  rest  of  the  calcined 
and  all  the  raw  ore  are  used  by  the  Clay  Cross  Company  in  their  own  furnaces. 
The  ore  now  worked,  as  being  siliceous  and  poor  in  lime,  is  mixed  with  more 
calcareous  Northampton  ore. 

The  following  are  partial  analyses  of  the  Clay  Cross  Co.'s  C'ranford  raw  ore : — 

I.i  II- 

Ore,  as  received.  Per  cent.  Per  cent. 

Iron        25-62  3107 

Iron  (dried  at  100°  C.)        ...  29  .        3.3-  M 

Silica     i*:;  2436 

Lime      2  2-20 

Moisture           ...        ...        ...  12  11-50 

The  ground  on  tin-  north  Bide  of  the  railway  westward  as  far  as  Barton 
ivc  and  northward  of  that  plan-  as  tar  as  Kettering  has  been  rather  fully 
]   by  borings  and  trial-holes,9  which  have  proved  a  somewhat  sporadic 
development  of  workable  ironstone,  of  the  distribution  of  which  a  generalized 
representation  ia  given  on  the  map  (PI.  VIII).    The  most  northerly  of  the  bore- 
holes.  i   mile  WW.  of  Craniord,  panned  through  the  i        b  0  lite    Limes) 

-and  proved  •">!  feel  of  oover  without  reaching  the  ironstone,  while  another 
1  A  miles  YV.  IT  X.  from  Cranford  similarly  failed  to  reach  the  ironstone  at  55  ft., 
tat  in  that  part  the  ore  would  presumably  require  mining  underground. 
Where  the  surface  falls  westward  of  the  latter  position,  about  three-fifths  of  a 
mile  north  of  Barton  Seagrave,  three  trial-holes  proved  a  thiokness  of  4- 
ot  ironstone  at  its  outcrop,  with  an  iron-percentage  ranging  from  ab  tut  36  to  38 

1  From  the  Ministry  of   Munitions 

J  l-'rom  F  If  Hatch.  '  Average  Analyses  of  British  [ron-oresaad  Ironstones 
produced  in  (917-18,'  [Ministrff  of  Munitions  of  War),  1918. 

:;  Details  of  these  explorations  were  communicated  by  Lloyd's  Ironsti 
Ltd. 
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in  the  moist  raw  stone,  while  eastward  of  the  high  ground  several  other  trials 
found  good  brown  ironstone,  7  to  8  feet  thick,  at  depths  ranging  from  10  feet  to 
29  feet  at  a  general  distance  of  about  three-quarters  of  a  mile,  and  in  a  mean 
direction  roughly  north-west  from  Cranford.  On  the  whole  then,  the  available 
evidence  is  in  favour  of  the  persistence  of  good  stone  under  the  northern  part 
of  the  ground  tested. 

Farther  south,  about  the  latitudes  of  Cranford  and  Barton  Seagrave,  where 
the  surface  sinks  towards  the  railway,  the  distribution  of  good  ironstone  becomes 
irregular,  rather  as  a  result  of  erosion  than  of  deterioration  of  the  ironstone ; 
but  here  and  there  (e.g.,  three-fifths  of  a  mile  east  of  Barton  Seagrave,  where  iron- 
stone 5  \  feet  thick,  under  1 5  £  feet  of  cover  was  proved  to  contain  only  1 1  per  cent, 
of  iron  with  nearly  46  per  cent,  of  silica)  the  ore  does  seem  to  have  deteriorated. 
The  case,  however,  is  not  conclusive,  for  the  cover,  of  which  the  nature  is  not 
recorded,  may  consist  of  drift  overlying  merely  the  sandy  lower  part  of  the 
iron  stone- bed.  Where  good  ore  was  proved  in  the  southern  part  of  the  area 
tested,  the  iron-content  ranges  from  about  30  per  cent,  to  more  than  40  per  cent., 
in  the  moist  raw  stone.  On  the  other  hand,  ironstone  11§  feet  thick,  three- 
quarters  of  a  mile  west  of  Barton  Seagrave,  is  described  as  worthless,  as  is  the 
outcrop-stone,  12  feet  thick,  the  same  distance  south-west  of  that  village.  The 
maximum  thickness  of  good  ore  in  the  whole  area  appears  to  be  9  feet,  but  the 
minimum  full  thickness  is  uncertain. 

The  Kettering  Iron  and  Coal  Co.,  Ltd.,  with  their  furnaces  on  the  north-west 
side  of  Kettering,  have  an  important  series  of  opencast  workings  on  the  west 
and  north-west  sides  of  Kettering,  west  of  the  railway.  These  workings  are 
separated  by  the  Slade  valley  on  the  north  from  Messrs.  Pain's  pits,  and  extend 
westward  slightly  beyond  Thorpe  Malsor.     Their  pits  are  : — 


Name  of  Pit. 

1.  'Booth  3' 

2.  'Booth  4' 

3.  '  Kettering  Glebe 

4.  'Dalkeith  ' 

5.  '  Capt.  Man  sell '.. 

6.  'Coles' 

7.  'Thorpe  Glebe'.. 

8.  'Mansell4' 


Thickness 

Thickness 

Position  and  direction 

of 

of 

of  working. 

cover. 

ironstone. 

Ft. 

Ft. 

Working  respectively  westward  f 

and   eastward   from   the   ex-  J 

hausted  area  indicated  west  of  j 

'      the  furnaces.  V. 

Working  southward  from  the 
small  exhausted  area  one  mile 
due  west  from  the  middle  of 
Kettering. 

Working  eastward  on  the  south- 
west side  of  Kettering,  near 
the  railway. 

Working  south-westward,  one 
mile  due  west  of  the  furnaces. 

Working  eastward,  two  miles 
due  west  of  the  furnaces. 

Both  working  westward,  on  the 
west  side  of  Thorpe  Malsor :  ! 
separated  by  the  road  to  Lod- 
dington,  '  Thorpe  Glebe  '  be- 
ing on  the  north  side,  and 
'  Mansell  4  '  on  the  south. 


10 


Ore  very  much  bro- 
ken :    all  material 
treated    as    cover 
and  riddled  out. 
1  6 


The  ore  being  used  in  1917  was  obtained  from  the  five  pits  known  as  '  Booth 
3  and  4,'  '  Kettering  Glebe,'  '  Captain  Mansell,'  and  '  Coles.' 


1  There  is  not  much  more  than  6  in.  of  soil  and  no  drift  nor  Estuarine  sand  or 
clay  above  the  ironstone  in  the  present  working-face  (1917).  Such  cover  as  there 
is  consists  of  broken  ironstone-rubble  under  thin  sandy  soil,  some  ore  being 
evidently  saved  from  the  cover  by  riddling.  About  2  feet  of  lower  sandy 
stone  was  seen  below  the  worked  ironstone. 
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The  following  are  partial  analyses'  of  the  Kettering  Co.'s  raw  ironstone : — 


Name  of  pit 

Booth  3. 

Booth  4. 

Kettering 

(   rlfllft. 

Dalkeith. 

Oke  dried  at  100°  C. 

I. 

(Silicdbus) 

11 
(Limy) 

TIL            rv.             v. 

(Siliceous)   (Siliceous)   (Siliceous) 

Iron        

Silica      ...           

Alumina 

Lime 

Phosphorus 

Moisture  fin  moist  stone' 

42-2 
10-46 

10-42 
2-91 

I        630 

35-60 

10-69 

8-72 

LO-52 

8-50 

48-55 
794 

4-98 
1-70 

14-60 

40-20 

I.?  92 

11-62 

1-40 

13-50 

37-60 
17-52 
11-19 
•76 
•67 
14-40 

\iine  of  pit 

Coles. 

Thorpe 
Glebe 

Man  sell  4. 

VI. 

(Siliceous) 

VII. 

(Limy) 

VlII. 

(Limy) 

IX. 

(Siliceous) 

X. 

(Limy) 

Iron 

Silica      

Alumina 

Lime 

Moisture  (in  moist  stone 

,      36-20 

1114 

7-31 

9-26 

)      15-45 

25-88 
5-29 
5-64 

26-54 
9-3 

37-2 

10-5 

10-6 

12-2 

51 

40-7 

1.2-7 

75 

2-3 

121 

34- 1 
9-6 
3-5 

13-4 

8-2 

Though  the  Kettering  Company's  ironstone  in  their  normal  workings  carries 
little  cover  on  the  whole,  and  no  great  thickness  hi  any  of  their  pits,  so  that  the 
ore  is  for  the  most  part  in  a  well  weathered  condition,  yet  the  average  percentage 
cf  lime  is  somewhat  higher  than  elsewhere  in  the  district,  except  perhaps  at 
Brixworth  and  Barrowden,  and  in  some  of  their  workings  the  lime-content  of  the 
ore,  or  of  some  parts  of  it,  reaches  a  remarkably  high  figure.  At  the  same  time 
the  silica  percentage  is  unusually  low,  while  that  of  iron  is  norm  a  1.  I  !<  msequently 
the  ironstone  of  this  part  of  the  district  must  have  been  exceptionally  calcareous 
in  its  unweathered  state,  with  a  low  percentage  of  silica. 

This  highly  calcareous  condition  does  not  continue  northward  into  Messrs- 
Pain's  Glendon  and  Roth  well  pits.  It  seems  to  be  most  strongly  pronounced  on 
the  west  side  of  the  Kettering  Company's  area  ;  and  may  have  continued  to  the 
north  side  of  Desborough,  where  the  Sheepbridge  Company's  pit  shows  a  small 
local  development  of  excessively  calcareous  stone  (see  p.  178).  In  the  almost 
intermediate  workings  at  Roth  well  Hill  the  lime-content  of  the  ore  is  rather 
greater  tii.ni  usual,  and  is  said  to  increase  northward. 

In  the  Kettering  Company's  pits  all  work  is  done  by  hand-labour.  Some  of 
the  ironstone  is  calcined  at  the  works  in  heaps.  The  Company  use  in  their 
furnaces  only  their  own  ore  as  a  rule.  Its  unusually  high  percentage  of  lime  is 
not  enough  to  make  their  average  ore  self -fluxing. 

Westward  of  the  Kettering  Company's  Thorpe  Malsor  pits,  the  Loddington 
Ironstone  Company  have  (heir  workings  on  the  west  and  south-west  sides  of 
Loddington  village.  The  more  northerly  is  known  as  the  Orton,  the  more 
southerly  as  the  Loddington  pit.  Work  is  now  proceeding  westward  from  the 
west  ends  of  the  two  larger  exhausted  areas.  The  Company  als>  have  a  small 
disused  pit  half  a   mile  south  of  the  village. 

The  thickness  of  cover  ranges  from  7  feel  to  23  feet  in  the  two  working-pits.  . 
with  an  average  of  I  .~>     I  7  feet.     Theironst  >ne  averages  5  or  6  feet,  with  unwork- 
able sandy  stone  of  improve  1  thickness  below. 

The  ironstone,  of  the  usual  oolitic  oharacter,  largely  weathered  brown  but 
partly  green,  is  somewhat  more  oaloareous  than  the  average  ore  of  the  district, 
though  considerably  less  oaloareous  than  that  of  the  neighbouring  pits  i  I 
Kettering  ('o  .  and  more  silicc  ins     The  oover  is  remoi  .    but 

the  ironstone  is  worked  l>y  hand.    There  is  no  treatment  of  the  ore  at  tin- 
all  parts  of  it  being  loaded  together,  and  no  calcining  is  done  there. 


1  From  the  Ministry  of  Munitions:  except  X".  V.  supplied  by  the    Kettering 

Iron  and  t'oal  Co. 
Vol.  xii.  x 
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The  following  analyses 

show 

the  composition 

of  the  Loddington  Company's 

raw  ironstone : — 

I.1 

II.1 

in.2 

Ore  as 

received.        Per  cent. 

Per  cent. 

Per  cent. 

Iron 

30-70 

30-52 

31-78 

Iron  (driec 

at  100 

3C.)           37-08 

37-40 

37-87 

Silica 

13-74    .    ... 

15-51 

12-86 

Alumina    . . . 

3-70 

5-01 

5-23 

Lime 

504 

4-32 

3-91 

Magnesia   ... 

•59 

•06 

•06 

Manganese 

•09 

— 

•09 

Sulphur     . . . 

•19 

•12 

•08 

Phosphorus 

•43 

•56 

•58 

Moisture    ... 

17-20 

1735 

1608 

Loss  on  ignit 

ion  ... 

— 

11-95 

— 

The  Xew  Cransley  Iron  Cq.,  Ltd.,  have  their  furnaces  1J  mile  south-west  of 
Kettering.     They  do  not  now  work  any  ironstone  independently  themselves. 
Their  predecessors,  however,  worked  the  ore  at  the  surface  in  the  neighbourhood 
of  Cransley,  chiefly,  it  seems,  west  of  the  furnaces,  from  18773  onward  for  several 
years.     But  the  full  extent  of  these  old  workings  has  not  been  ascertained. 

The  Stanton  Ironworks  Company  have  their  Orton  pits,  working  the  Nor- 
thampton Ironstone,  about  a  mile  west  of  the  Loddington  Co.'s  Orton  pit  and 
nearly  two  miles  west  of  Loddington  village.    Their  principal  pit  is  on  the  south 
side  of  the  Slade  valley,   but  they  have  also  two  small  abandoned  workings 
immediately  to  the  north  on  the  farther  side  of  the  valley.     In  the  principal 
pit  work  is  proceeding  in  an  east-north-easterly  direction  along  a  low  ridge 
flanking  the  south  side  of  the  Slade  valley.     The  working  face  at  the  east  end 
shows'  : — 

Stony  soil  and  remnants  of  boulder-clay,  with       ~)  Ft.  Ins. 

Lower  Estuarine  Series —  >        3  ft.  to  4    0 

Local  patches  of  pale  blue  sandy  clay         ...         j 
White  bedded  sand,  variable  ...         ...         ...       2  ft.  to  4    0 

Northampton  Ironstone  and  Sand — 

Oolitic  ironstone,  all  brown  and  much  weathered,  with 
much  '  box-structure  '  and  cellular  weathering  ;  average 
thickness       ...         ...         ...         ...         ...         ...         ...         7     0 

Sandy  '  bastard  ironstone  '  (not  worked)    ...         ...       3  ft.  or  4    0 

The  average  thickness  of  botli  cover  and  ironstone  is  7  feet.  Two  small 
trough-faults  running  in  a  north-easterly  or  east-north-easterly  direction,  the 
more  southerly  passing  a  few  yards  north  of  Orton  Lodge,  and  each  having  a 
downthrow  of  five  or  six  feet  at  the  working-face,  let  down  the  beds  between 
them,  so  that  water  corning  from  the  lower  sandy  beds  in  the  floor  of  the  pit 
and  having  no  adequate  outlet,  causes  some  inconvenience. 

All  work  is  done  by  hand.  Xo  calcining  is  done  at  the  pit,  and  the  whole 
output  is  sent  in  the  raw  state  to  the  Company's  Stanton  furnaces. 

The  following  is  an  analysis3  of  the  raw  ore : — 

Ore  dried  at  100°  C. 
Iron    ... 
Silica 
Alumina 
Lime  ... 
Magnesia 
Manganese  oxide 
Sulphur  trioxide 
Phosphorus  pen toxide 
Moisture  (in  ore  as  received) 

1  From  the  Ministry  of  Munitions. 

-  Average  analysis  from  F.  H.  Hatch,  '  Average  Analyses  of  British  Iron -ores 
and  Ironstones  produced  in  1917-18  '  (Ministry  of  Munitions  of  War),  1918. 

3  'Mineral  Statistics  of  the  United  Kingdom'  (Mem.  Geol.  Surv.). 

4  The  Old  Series  one-inch  Geol.  map  represents  this  ground,  and  its  continua- 
tion for  about  a  mile  in  an  east-north-easterly  direction,  as  Lincolnshire  Lime- 
stone capped  by  Upper  Estuarine  beds. 

:-  From   the  Ministry  of  Munitions. 


Per  cent. 

38-5 

238 

407 

1-0 

•43 

•35 

•32 

1-58 

21-68 
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The  Lamport  Ironstone  Company  have  four  pits  working  the  Northampton 
Ironstone  in  the  neighbourhood  of  Lamport  and  Brixworth.  Two  of  them, 
separated  hy  the  road  to  Northampton,  are  situated  halfway  between  the  two 
villages,  and  work  the  ironstone  eastward  and  westward,  with  a  considerable 
proved  area  of  good  stone  extending  northward  to  Lamport,  and  beyond  it  on 
the  east  side.  The  other  two  pits  are  situated  one  mile  east-north-east,  and  half 
a  mile  east  of  Brixworth,  the  former  near  the  south-eastern  corner  of  a  proved 
area  extending  half  a  mile  westward  and  rather  farther  northward  from  it.  The 
fourth  pit  has  a  prospective  extension  in  proved  ground  for  nearly  a  mile  eastward  ; 
while  workable  ore  extends  south-westward  from  it  to  an  old  abandoned  pit 
half  a  mile  south  of  Brixworth.  But  between  these  three  separate  tracts  known 
to  contain  workable  ironstone  at  or  close  to  the  surface,  much  of  the  ground  is 
heavily  covered  with  boulder-clay,  which  a  short  distance  east  of  Brixworth 
attains  locally  a  thickness  of  35  feet  or  more,  and  may  in  places  be  tltk-k  enough 
to   prevent  opencast  working. 

In  the  Lamport  Company's  workings  cover  and  ironstone  each  average  7  feet 
in  thickness.     Work  is  done  by  hand-labour. 

The  following  is  a  representative  analysis1  of  the  Lamport  Company's 
ironstone  : — 

Raw  ere  as  received.  Percent. 

Iron 33-82 

Iron  (dried  at  100°  C.)  4040 

Silica  1530 

Alumina        ...         ...         ...         ...         ...         ...  401 

Lime 342 

Magnesia       17 

Sulphur         -32 

Phosphorus  ...         ...         ...         ...         ...         ...  -81 

Moisture        ...         ...         ...         ...         ...         ...         IV  27 

Loss  on  ignition       ...  ...  ...  ...  ...         1297 

The  Brixworth  Ironstone  Company  have  workings  on  the  north  side  of 
Brixworth,  where  they  work  two  pits  known  as  Wood  South  and  Deep  pits,  the 
latter  on  the  east  side. 

The  average  thickness  of  cover  is  8  feet  in  the  Wood  South  pit  and  22  feet, 
with  variation  between  18  feet  and  32  feet,  in  the  Deep.  The  thickness  of  ore 
averages  10  feet  and  9  feet  respectively  in  the  two  pits,  the  upper  part,  about 
6  feet  in  each  pit.  being  regarded  as  good  ironstone,  and  the  lower  part  as  poor 
stone.  The  cover,  where  thick,  is  removed  by  steam-navvy,  but  the  ore  is  worked 
by  hand.  No  calcining  is  done,  the  ironstone  being  sold  in  the  raw  state. 
Some  of  it  goes  to  Derbyshire  and  some  is  used  in  the  Northampton  district. 

The  ore  is  regarded  as  variable,  the  chief  difference  being  in  its  lime-  and 
iron-contents.  The  more  important  constituents  have  been  found  by  analysis 
to  vary  within  the  following  limits  in  the  raw  ore  as  used  by  one  company  : — 

As  received.        Dried  at  100    C. 
per  cent.  per  cent. 

Iron        28-64— i0- 19  330 — i.35 

Silica,      7-57—11-53  82— 13-2 

Lime      656— 13  47  7  1 — 153 

Moisture  7- ti< i    -i:!2<i 

But  these  figures  apparently  represent  only  the  more  calcareous  vari 
of  the  Brixworth  ironstone. 

The  following  are  fuller  analyses  of  different  types  of  this  ore: — 

Raw  ore  as  received.                    T.:  II. ; 

per  cent.  per  cent. 

Iron 31-02  ...  87-98 

Iron  (dried  at  10(1°  C.) ii.VOO  ...  — 

Silica  18-90 

Alumina         ...          ...          ...          ...       8-75  ...  7- 14 

Lime 298  ...  8*13 

Magnesia      *fi9  ...  — 

Manganese *28  ...  -16 

Sulphur        ...        ...        ...        ...        -07  ...  '. 

Phosphorus  ...        ...        ...        ...        -7(> 

Moisture       11*50  ...  1 B  25 

Prom  the  Ministry  of  Munitions, 
-'  Prom  F.  If   Hatch,  op.  cit.  (averaged  analysis). 
3  From  the  Ministry  of  Munitions. 

Vol.  xii.  ■  -2 
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These  analyses  show  that  the  ore  is  divisible  into  calcareous  and  siliceous 
varieties.  The  more  calcareous  Brixworth  ironstone  contains  an  exceptionally- 
high  percentage  of  lime  and  in  that  respect  is  comparable  with  parts  of  the  Ketter- 
ing Company's  ore.  It  is  bought  by  one  or  more  companies  for  the  purpose  of 
mixing  with   their  own   siliceous  Northampton  ore. 

For  several  miles  eastward  from  Lamport  and  Brixworth  the  ironstone  is 
not  worked. 

At  Burton  Latimer  the  Burton  Ironstone  Company,  owned  jointly  by  the 
Staveley  Coal  and  Iron  Company  and  Messrs  James  Oakes  &  Co.,  have  a  series  of 
workings  extending  from  the  railway  due  north  of  the  village,  southward  by  the 
east  side  of  it,  and  beyond  nearly  to  the  Finedon  Road.  These  pits  are  indicated 
on  the  map  (PI.  VIII)  by  three  separate  areas  of  exhausted  ground.  The  two  larger 
worked  areas  lie  on  the  north-west  or  upthrow  side  of  a  fault  shown  on  the  Geo- 
logical map  as  trending  in  the  direction  of  Cranford,  and  in  these  areas  the  iron- 
stone is  for  the  most  part  at  or  close  to  the  surface.  The  third  and  least  area 
of  worked  stone  is  situated  south-east  of  Burton  Latimer,  on  the  downthrow  side 
of  the  fault,  and  there  the  cover  is  on  the  whole  thicker.  The  several  workings 
are : — 

Average 
Thicknesses. 
Situation  and  Direction  of  Cover.  Ironstone. 

Name  of  Pit.  Working.  Ft.  Ins.  Ft.  Ins. 

1 .  Cuckoo     ...         . . .  ~)  "Working    respectively    westward    and  C    6    0  30 

>      eastward  from  the  worked  area  near  < 

2.  Jackdaw  ...         ...  j  the  railway  north  of  Burton  La  tuner  (.5     6  3     6 

3.  Burton      ...         ...     Working  eastward,  north-east  of  the 

village,  on  the  east  side  of  the  large 

worked  area 25    0  7     0 

4.  Osbourne's  ...     A   small  abandoned    working   in    the 

valley  east  of  the  fault  and  of  the 
south  end  of  the  large  worked  area  : 
worked  northward up  to     35    0  6    0 

5.  Finedon  End       ...     Working  north-eastward  at  the  south- 

east   end    of    the    most    southerly 

worked  area    ...         ...         ...         ...     150  50 

In  the  Cuckoo  pit  the  upper  half  of  the  thin  cover  consists  mainly  of  sandy 
soil  ;  but  the  lower  half  consists  of  disintegrated  brown  oolitic  ironstone  weather- 
ing in  place.  The  solid  ironstone  worked  below  is  equally  brown  but  less  densely 
oolitic  and  decidedly  sandy.  In  fact  it  is  only  the  basal  remnant  of  the  ore. 
The  lower  half  of  the  cover  is  riddled  and  gives  the  equivalent  of  2  feet  of  first- 
class  ironstone,  better  than  the  solid  remnant  below. 

In  the  Jackdaw  pit,  in  which  the  conditions  are  closely  similar  to  those  of  the 
Cuckoo  pit,  the  cover  is  divisible  for  working  purposes  into  three  parts  : — 

Cover  : — 

Upper  part — Sandy  soil. 

Middle  part — Mixture  of  sandy  soil  and  weathered  disintegrated  brown 
oolitic  ironstone   (riddled). 

Lower  part — Disintegrated  brown  oolitic  ironstone,  almost  undisturbed 
(scarcely  needs  riddling  and  is  a  very  good  ore). 

Ironstone : — 

Solid  brown  oolitic  ironstone  less  sandy  than  in  the  Cuckoo  pit,  with  numerous 
laminae  of  brown  ferric  oxide. 

The  lower  and  middle  parts  of  the  cover  yield  on  riddling  the  equivalent  of 
probably  three  feet  of  solid  ironstone. 

In  the  Burton  pit  the  ironstone  has  passed  eastward  under  a  considerable 
thickness  of  cover,  apparently  before  quite  reaching  the  fault.  It  contains  much 
green  unoxidized  ore  at  the  north-east  end  of  the  '  face,'  which  there  shows  : — 

Ft.  Tns. 

Soil  with  remnant  of  limestone         ...         ...         ...         ...  6    0 

Upper  Estuarine  Series — 

Pale  brownish-grey  calcareous  clay  full  of  Ostrea  (;  pen- 
earth ')  4     0 

Dark  grey  calcareous  clay  full  of  Ostrea  ('pen-earth  ')...  4     0 

Pale  brown  and  grey  clay      ...  ...         ...  ...         ...  10 
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Lower  Esluarine  Series —  Ft.  In. 

White  sand       4     0 

Yellow  sand      4    0 

Norlftampton  Ironstone — 

Brown  and  green  oolitic  ironstone    ...         ...         ...  ...         7     0 

In  Osbourne's  pit  an  unusual  increase  of  dip  to  12  or  15  degrees  in  a  north- 
easterly direction  rapidly  takes  the  ironstone  down  under  thick  cover,  and  this 
has  apparently  caused  the  pit  to  he  abandoned  when  comparatively  little  work 
had  been  done.     At  the  deep  end  the  '  face  '  shows  : — ■ 

Ft.  Ins. 
Remnant  of  limestone    ...  ...  ...  ...  \ 

Oyster  bed  ('  pen  -earth  ')  ...  / 

Black  cla>  \       35    0 


Very  silty  clay 
Buff  sat  id 


:::) 


Northampton   Iron-atone — 

Brown  and  green  oolitic  ironstone        ...  ...  6    0 

In  the  Finedon  End  pit  the  cover,  consisting  almost  entirely  of  buff  and  white 
fine-grained  sand-rock,  varies  in  thickness  up  to  18  feet  6  inches,  and  the  ironstone 
averages  5  feet  between  extremes  of  3  feet  and  9  feet.  The  surface  of  the  ore 
undulates  slightly,  but  there  is  said  to  be  no  proportionate  thickness  of  ironstone 
below  the  level  floor  of  the  working  under  the  troughs  formed  by  the  undulati-  >n  ; 
i.e.,  the  workable  ore  varies  in  thickness  with  the  undulations  of  its  surface. 
The  ironstone  is  rather  hard,  somewhat  sandy  (it  is  said  to  contain  20  per  cent. 
of  silica)  and  less  oolitic  than  usual ;  it  is  well  weathered  on  the  whole,  with  a 
good  deal  of  small  'box-structure,'  and  comparatively  little  green  ore  except 
near  the  bottom  ;  but  exceptionally  the  top  bed  is  green -hearted. 

At  the  south-erst  end  of  the  working  a  fault  running  in  a  south-south-easterly 
direction  throws  down  the  oyster-bed  of  the  Upper  Estuarine  Serie?  on  the  east 
side  to  the  level  of  the  ironstone  on  the  west  side  and  thus  puts  an  end  to  open- 
cast working. 

All  work  is  done  by  hand-labour.  The  green  stone  and  very  wet  brown  stone 
are  calcined.  Nearly  all  the  output  is  taken  by  the  Staveley  Co.  and  Messrs. 
(Jakes  for  their  own  furnaces,  but  a  little  is  sold  and  goes  to  Wellingborough. 

The  following  are  analyses'  of  the  Burton  Company's  raw  ironstone  : — 


Ore  as  received. 

I. 

II. 

III. 

Iron    ... 

...      37-61 

30-  93 

32-  72 

Iron  (dried  at  100°  C.) 

...      [42-59] 

[37-49] 

3810 

Silica              ...         

...       1589 

22-69 

20-85 

Alumina 

512 

2-96 

603 

Lime  ... 

2*20 

•70 

117 

Magnesia 

•  22 

44 

13 

Oxide  of  manganese 

...            -41 

— 

13 

Sulphur         

097 

•lo 

075 

Phosphorus  

■58 

•47 

52 



11-70 

17-51 

18-11 

Loss  on  ignition 

...       1112 

— 

10-35 

A  short  distance  east  .  f  the  Barton  (  ompany's  workings  two  trial-holt 
sunk,  on  the  north  aide  of  the  stream- valley,  in  positions  (a)  half  a  mile  E.  I v    S 
and  (b)  five- eighths  of  .■!  mile  E.  t>  X    from   Burton  Latimer  Church.     Of  these 
trials  (n)  proved  s  feet  of  workable  ironstone  close  t"  tin-  surface,  and  \b)  13  feet 
8  inches  of  ironstone,  of  which  9  tret  was  of  workable  quality,  under  33  feet  of 
cover.    The  workable  ore  of  these  two  trials  ed  respectively  47  S5  per 

cent,  and  45' 19  pet  cent    of  iron   in   the  e;  loin 

Nearly  two  miles  east,  of  Isham  Station,  or  three-eighths  of  a  mile  due  east  of 

trial  (a)  a  well  was  sunk  in  1901,  near  Burton  Wold,  to  a  depth  of  299  feet  4  inches.5 


;  From  the  Ministry  of  Maui'.. 

a   i  f  this  well.  set    ••  Wat  •;•  Supply  of  Bedfordshire 
and    Northi  mpi  •'.-.  ire  ""     (Jfem.  G  09,  \>.  Bl.     See  also  1*1.  \ "11. 

Section  1. 
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In  this  a  bed  of  '  dark  grey  very  compact  heavy  sandstone,'  8  feet  thick,  the  top 
of  it  at  a  depth  of  63  feet,  is  generallyaccepted  as  being  the  Northampton  Ironstone 
by  the  ironstone  companies  interested  hi  the  district. 

Mr.  Charles  Barlow  has  Avorked  a  considerable  area  of  the  ironstone  on  the 
north-west  and  west  sides  of  Finedon,  as  shown  on  the  map  (PI..  VIII),  where  the 
exhausted  area  includes  several  pits  already  worked  out  and  closed.  The  present 
working  pits  are,  in  order  southward  : — 


Name  of  Pit. 


1.  Jacques    ... 


2.  Finedon  Glebe    ... 


Situation  and  direction  of 
working. 


Thickness  of  beds. 

, ' 1 

Cover.  Ironstone. 
Ft.  Ins.    Ft.  Ins. 


3.  Leonard's  Grass  ... 


4.  Cricket  Field 


Working  north-eastward,  at  extreme 

N.E.    corner    of    exhausted    area 

(this  pit,  opened  by  Mr.  Barlow,  is 

no  longer  controlled  by  him,  but 

is  still  working)      22    0  — 

Working  north-eastward,  on  north- 
east side  of  road  to  Finedon  Station, 

and  extending  from  a  quarter  to 

half  a  mile  north-west  of  Finedon 

(now  leased  to  the  Wellingborough 

Iron  Co.,  but  worked  for  them  by 

Mr.  Barlow)  10     0       10     6 

Working  south-westward,  on  the 
south-west  side  of  road  to  Finedon 
Station,  opposite  to  northern  half 
of  Finedon  Glebe  pit :  work  now 
nearly  finished        ...      up  to  15  or  16     l 

Working  north-eastward,  on  the 
north-east  side  of  the  same  road 
and  adjoining  the  south  end  of 
Finedon  Glebe        10     < 


9    0 


9    0 


The  following  general  sections  were  noted  : — 
Finedon  Glebe  Pit. 


Lower  Estuarine  Series  .- 


Thickness. 
Ft.  Ins. 


Sands  and  clays,  which  at  the  north-west  end  thin  out  and 
disappear  at  the  surface,  but  at  the  north-east  end  have 
a  thickness  of  

Northampton  Ironstone  .- — 

At  the  north-west  end.  weathered  and  disintegrated  brown 
oolitic  ironstone  (4  ft.),  forming  '  cover  '  above  solid 
ironstone  below,  but  passing  south-eastward  under  sands 
and  clays,  and  there  becoming  brown,  moderately  hard 
and  somewhat  calcareous  oolitic  ironstone,  with  much 
'  box-structure,' about        ...  ...  ...         ...        .... 

Sin  ilar  ironstone,  but  rather  sandy  and  less  densely 
oolitic,  with  a  few  green  cores  at  south-east  end  (near 
the  top  of  it  a  thin  band  of  blue  dense  and  non-oolitic 
carbonate  ironstone),  about 

Rather  inferior  and  more  sand v  ironstone 


10     0 


4     6 
2     0 


The  4  feet  of  disintegrated  ironstone  that  makes  the  only  cover  above  the 
solid  lower  stone  at  the  north-west  end  of  the  working,  yields  on  riddling  very 
good  ore,  better  than  the  solid  stone  below. 

Leonard's  Grass  Pit. 

The  cover  consists  of  Lower  Estuarine  sand  and  clay  in  the  southern  part  of 

the  pit,  but  in  the  northern  part  of  a  much  less  thickness  of  ironstone  rubble 

mixed  with  sand  and  clay.     The  ironstone  in  the  present  working-face  at  the 

south  end  is  harder  and  more  massive  than  elsewhere,  except  the  lower  part  of  it. 
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Much  of  the  ground  in  this  pit  was  worked  over  about  35  years  ago,  when 
apparently  only  the  upper  part  of  the  stone  was  extracted.  It  is  said  that  a 
great  deal  of  really  good  stone  was  then  thrown  over  and  wasted,  which  would 
almost  repay  working  again. 

Cricket  Field  Pit. 

Thickness. 
Upper  and  Lower  Estuariue  Series — 

Oyster-bed  ('  pen-earth  ').  up  to       

Yellow  and  brown  ferruginous  sand  (a  .conspicuous  band) 
uneven,  and  discordant  from  the  beds  below 

Pale  blue  very  fine-grained  silty  sand,  up  to         

Brown  iron-stained  and  iron-ce  nented  sand  amounting 
almost  to  a  siliceous  ironstone  ('bad  sandy  stone'  : 
rejected),  about 

Northampton  Ironstone — 

Brown  oolitic  ironstone,  rather  massive 
Similar  ironstone,  with  some  shell- beds,  in  which  the  shells 
are  dissolved,  and  blue  cores  of  good  unweathered  stone 
in  lower  part,  about 

The  following  are  analyses  of  Mr.  Barlows  Finedon  ironstone : — 


Ft. 

Tn 

5 

0 

0 

3 

5 

0 

1     6 


3    0 


7    0 


Raw  ore, 

Raw  ore. 

Calcined 

— 

as  received. 

dried  at  100°  C. 

ore. 

I.1 

II.2 

in.2 

Per  cent. 

Per  cent. 

Per  cent. 

Iron  (as  received)      

3397 

— 

41-76 

Iron  (dried  at  100°  C.) 

38-87 

36-20 

43-50 

Silica 

14-20 

18-28 

20-80 

Alumina 

7-25 

9-93 

7- 11 

Lime    ... 

2-69 

2-71 

300 

Magnesia 

•75 

— 

— 

Manganese 

■40 

— 

— 

Sulphur 

16 

— 

— 

Phosphorus     ... 

•53 

— 

1-63   (PsOs) 

Moisture 

12-61 

11-40 

4-40 

Loss  on  calculation    ... 

— 

— 

4-60 

All  the  above  pits  are  worked  opencast  by  hand-labour.  Much  (if  the  output 
is  calcined,  chiefly  green  and  wet  stone,  but  also  all  ore  worked  above  requirement* 
for  des]>atch  at  the  time.  There  is  no  treatment  of  the  ore  at  the  pit :  the  lowest 
and  most  sandy  beds  are  left  unworked. 

The  Ebbw  Yale  Steel  and  (  >>■  1  <  k>  .  Ltd.,  have  as  part  of  their  property  in  the 
Irthlingborough  district  a  disused  working  at  the  east  end  oi  Finedon  Park,  less 
than  half  a  mile  west  of  the  cross  roads  at  Finedon.  The  ore  has  an  average 
thickness  of  6 feet  under  J  feet  of  cover.  In  a  trial  about  2i»<»  yards  north-west  of 
the  cross  roads  the  ironstone.  7  ft.  (i  ins.  thick,  was  found  on  analysis  to  contain 
•  per  cent    of  iron  in  the  calcined  stone.1 

\  partial  analysis1  of  the  Ebbw  Vale  Company's  Finedon  Park  ironstone 
(raw  ore,  as  received)  gives:-  iron  30  per  cent  .  aflic  OUS  matter  S  per  cent.,  and 
moisture  L3  per  cent 

TheWelhngborough Iron  Company's  leas  3 extend  from  the  south-east  side  of 
Finedon,  south-eastward  to  the  road  at  Ditobiord,  half  a  mile  west  of  Irthling- 
borough. 


From  P.  If.  Hatch,  op.  at.  ( a  veraged  analysis). 
From  the  Ministry  ot  Munitions. 
From  the  Flihw  V.dc  Steel  and   I 

From  the  Ministry  of  Munitions. 
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Their  present  workings  are  :- 


Average  thickness 
of  beds. 


4. 


Name  of  Pit. 
Finedon  No.  1 

CThingdon  Quarry.. 
(_Neilson  Mine 

Carrol  Spring  Pits, 
5  and  5a. 


(  Ditchford  No.  9 


Ironstone. 
Ft. 

7-12 


I 


No.  10 


251 


19 

20 


71 


8 
10 


Situation  and  direction  of  r 

working.  Cover. 

1.  Finedon  No.  1         ...     Working  south-eastward,  on  the       Ft. 
south-east  side  of  Finedon  ...         37 
One  mile  due  south  of  Finedon..  6 

One  mile  due  south  of  Finedon  : 

working  eastward      ...  ...         — 

1 1  miles  due  south  of  Finedon, 
on  the  east  side  of  the  Stanton 
Co.'s  ground,  and  on  south  or 
up-throw  side  of  fault :  work- 
ing eastward  ... 
{  f-1    mile  W.S.W.    of  Irthling-"] 
borough  :      No.     9     working 
northward,  and  No.  10  north-  | 
\"  \      westward   from    the   western  \ 
and  north-eastern  members  of 
the  exhausted  area  there  indi-  | 
l^     cated  on  the  map.  J 

Nearly  all  the  stone  is  obtained  still  by  opencast,  the  only  exception  being 
the  Neilson  Mine.  But  in  the  near  future  the  greater  part  of  the  leased  area 
will  no  doubt  require  mining. 

The  following  sections  in  the  several  pits  show  the  character  of  the  beds  : — 

Finedon  No.  1  Quarry.  Thickness. 

Great  Oolite  Limestone —  Ft.  Ins. 

Limestone,  about        ...         ..'.         ...         ...         ...         ...       16    0 

Upper  and  Lower  Estuarine  Series — 

Grey  clay  ...  ...  ...  ...         ...         ...         ...         3     6 

Black  clay,  about        1     0 

Pale  green  silty  sand  with  green  clay  streaks         ...         ...         90 

Alternate  hard  bands  of  pale  sandy  limestone  and  cal- 
careous sandstone,  base  obscured,  perhaps         ...         ...         6    0 

Northampton  Ironstone  and  Sand — ■ 

Upper  half  (best  stone) ;  well- weathered  brown  oolitic  iron- 
stone, with  much    deposit  of  brown  oxide  in  joints  and 
bedding-planes     ('  box-structure)  :     lower      half,     less 
weathered  brown  and  green  -hearted  oolitic  ironstone  ; 
the  whole   varying  in    thickness  from  7  ft.  to  12  ft.  ; 
average  about  ...         ...         ...         ...         ...         ...       10     0 

Very  fine-grained  grey  silty  and  muddy  sand-rock,  sug- 
gesting a  gradual  passage  down  to  Upper  Lias  clay. 
(There  is  said  to  be  'hard  rock  '  below) — 

In  some  parts  of  this  pit,  if  not  throughout  it,  there  is  said  to  be,  immediately 
above  the  main  ore-bed,  'hard  blocks  of  carbonate.'  often  thickly  veined  with 
red.  Specimens  show  a.  dense  carbonate  ironstone  for  the  most  part  structure- 
less, but  in  some  cases  sparsely  oolitic.  They  appear  to  represent  a  bed  of 
nodules  or  bullions  with  a  maximum  thickness  of  2  feet. 

The  greatest  thickness  of  cover  in  this  pit  is  42  feet. 


Carrol  Spring  No.  5a  Quarry. 
Cover 

Northampton  Ironstone  : — 

Brown  and  green  sandy  oolitic  ironstone,  containing  green 
ooliths  in  varying  amount  in  a  brownish- black  sandy 
matrix  (the  whole  of  this  is  regarded  as  too  siliceous  for 
use  and  is  rejected  as  '  bad  sandy  stone  ' ;  but  it  seems 
to  belong  essentially  to  the  ironstone  though  counted  as 
'  cover '):  thickness  about... 

Massive    brown    and     green    oolitic    ironstone,    varying    in 
thickness  from  3  or  4  ft.  to  10  ft. :  average  about 


Ft.  Ins. 
9     6 


9    0 


7     6 


1  Including  about  9  feet  of  inferior  sandy  ironstone  which  seems  to  belong 
strictly  to  the  iron  stone- bed. 
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The  thickness  of  cover  is  somewhat  greater  in  othei 

Dilchford  Xo.  9  Pit. 

Thickness. 
Glacial —  Ft  Ins. 

Boul<ler-cl;.y,  about    ...         ...         ...         ...         ...         ...         3     0 

Lower  Estuarine  Series — 

Pale  blue  sandy  clay,  about  ...         ...         ...         ...         ...       16    0 

Northampton  Ironstone  and  Sand — 

Brown  oolitic  rather  massive  ironstone,  with  large  green- 
hearted  blocks  in  lower  part,  and  irregular  '  box- 
structure  '  on  large  scale  :  average  thickness  about       ...         8    <• 

Brown  thin-bedded  sandy  ironstone  (not  worked),  varying 
from ...         1  ft.  to  about  2     6 

Blue  sandy  stone,  about        4  ft.  to  2    0 

Upper  L" 

Blue  clay  ...  ...  — 

Ditchford  No.  10  Pit. 

The  cover  is  similar  to  that  of  No.  9,  but  with  a  greater  proportion  of  boulder- 
clay  and  an  average  total  thickness  of  20  feet  or  rather  more.  The  ironstone 
averages  about  10  feet.  It  looks  rather  stronger  and  more  massive  than  that 
of  No.  9,  but  otherwise  similar.  About  2  feet  above  the  base  of  the  worked  stone 
is  a  thin  bed  of  blue  dense  and  structureless  carbonate-ironstone  like  that  of  Islip 
and  Finedon  (see  pp.  184,  194.) 

The  cover  is  removed  by  steam-navvy,  the  ironstone  worked  by  hand,  with 
some  blasting. 

About  half  the  ore.  including  all  the  green  stone,  is  calcined,  some  in  clamps 
and  some  in  kilns.  The  ore  is  smelted  at  the  Company's  Wellingborough  furnaces 
on  the  north-east  side  of  the  town.  Only  Northampton  Ironstone  is  used. 
Foundry-  and  forge-irons  are  made,  but  no  basic  iron. 

The  following  are  partial  analyses'  of  the  raw-  ore  from  some  of  the  Welling- 
borough Company's  pits  : — 

Finedon  Ditchford 

Name  of  Pit.  No.  1.      Thingdon.  Carrol  Spring.  No.  9. 

Ore  drill/  at  100°  G.        Per  cent.     Por  cent.     Per  cent.     Per  cent. 


Iron 

.      8T 

9 

360 

4(1-7             38-7 

Silica 

.       10- 

5 

120 

13-1             120 

Alumina 

"■ 

3 

— 

83               8-8 

Lime  and  Magne- 

3 

4 

Lime  2-  5 

2-2               2-7 

Loss  on  calcination 

.      21 

2 

Non 

14-4              172 
-oolitic    carbonate-ore 

immediately    above    main 

ironstone  (see  p.  19 

Per  cent. 

Iron 

...       35*4 

Silica             

...        132 

Alumina 

4»5 

Lime  ... 

2*« 

aia 

L-fi 

Phosphorus  pe  itoxide 

... 

of  dry 

...       25-70 

In  the  Stanton  Eronworl  jh  pita  immedial 

of  the  Wellingborough  Company's  Caanr  1  Spring  _  ire  is  now 

mined  underground,  on  the  north  or  downthrow  side  of  a  Eauttfsea  al><< 

•  very  shallow  depth,  beginning  at  26  feel  and  increasing  to  40  feel.     The 
direction  of  mining  is  n<  area  remaining  north-east  of 

the  lane  joining  the  Thmp  roads,  in  then 

of  the  lease      Che  greater  part  of  the  ground  has  now  been  worked  out,  most  of 
it  by  openoasl  in  former  j 

1  From  the  Ministry  of  Munitions. 
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The  thickness  of  the  mined  stone  varies  from  6  feet  to  10  feet  with  an  average 
of  8  feet  6  inches.  Mining  is  done  on  the  pillar-and- stall  principle,  and  it  is  esti- 
mated that  one  third  of  the  ore  is  left  in  as  pillars.  A  thickness  of  about  7  feet 
is  got  out  first,  the  remainder,  up  to  3  feet,  being  left  in  as  roof,  but  this  is  brought 
down  on  working  back.  The  stone  is  blasted.  All  the  output  goes  to  the  Stanton 
Company's  furnaces,  hi  the  raw  state. 

An  analysis  of  the  Stanton  Company's  Wellingborough  ironstone  is  as 
follows1 : — 

Ore  dried  at  100°  C.  Per  cent. 

Iron 38-5 

Silica 
Alumina 
Lime  ... 

Magnesia       ...         

Manganese  oxide 
Sulphur  trioxide 
Phosphorus  pentoxide 

Moisture  (in  ore  '  as  received  ')... 

The  Southhill  Ironstone  Mines,  Ltd.,  work  the  Northampton  Ironstone  at  the 
surface  in  the  ground  immediately  south  of  the  Stanton  Company's  lease,  1  mile 
east-north-east  of  Wellingborough.  The  ironstone  is  a  well-weathered  brown  ore, 
worked  opencast  by  hand  under  little  or  no  cover.  The  output  is  sold  in  the  raw 
state.     The  following  is  an  analysis2  of  the  ore  : — 


..       14-8 

7-5 

30 

108 

043 

0-37 

203 

..       191 

Ore,  as  received. 

Per  cent 

Iron 3198 

Iron  (dried  at  100°  C.) 

..       38-28 

Silica 

..       15-52 

Alumina 

— 

Lime  ... 

0-97 

Magnesia       

003 

Manganese 

0-17 

Sulphur 

003 

Phosphorus  ... 

0-60 

Moisture 

..       16-40 

Mr.  W.  Partridge  works  the  ironstone  at  the  Cement  Works  at  the  south-west 
end  of  Irthlingborough  village,  the  Cement  Company  working  the  underlying 
Upper  Lias  clay. 

The  average  thickness  of  the  ironstone  as  got  is  6  feet,  under  the  same 
thickness  of  cover.  The  ore,  a  brown  weathered  stone,  is  worked  opencast  by 
hand,  in  a  small  pit  with  a  working-face  150  feet  hi  length.  The  output  is  sold 
in  the  raw  state.     The  following  is  a  partial  analysis3 : — 


Iron  (dried  at  100°  C.) 
Silica  ,,  ., 

Lime 


Per  cent. 
380 
17-0 
2-5 


The  Ebbw  Vale  Steel  and  Coal  Company,  Ltd.,  hold  an  extensive  area  of 
Northampton  Ironstone,  extending  from  a  point  eastward  of  Burton  Latimer, 
southward  to  the  southern  outcrop  of  the  ironstone  on  the  west  side  of  Irthling- 
borough, at  or  beyond  the  road  from  that  village  to  Wellingborough. 

Early  in  the  summer  of  1918  preparations  had  been  made  to  mine  the  stone 
on  a  large  sc*le  from  an  adit  starting  below  the  road  and  running  north-west. 
Two  shafts  were  sunk  on  the  tunnel  from  the  adit,  one  known  as  the  Trial  Shaft 
(Lat.  52°  19'  5"  N.  :  Long.  0U  37'  25"  W.).  near  the  middle  of  the  tunnel,  rather 
more  than  a  quarter  of  a  mile  from  the  road,  and  the  other,  known  as  No.  2 
(Lat.  52°  19'15"N.  :  Long.0r  37' 50"  W.),  at  the  end  of  the  tunnel  a  little  more  than 
half  a  mile  from  the  road. 

The  Trial  Shaft  is  immediately  north  of  a  fault  proved  hi  the  tunnel  with 
downthrow  south,  there  amounting  to  about  20  yards.      This  fault  lies  about  a 


1  From  the  Ministry  of  Munitions. 

-  From  F.  H.  Hat  h,  op.  cit.  :  averaged  analysis. 

3  From  the  Ministry  of  Munitions. 
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quarter  of  a  mile  north  of  that  shown  on  the  one-inch  Geological  Map  as  running 
in  approximately  the  same  direction,  but  with  downthrow  north.  It  ia  not 
unlikely  there  may  be  here  a  belt  of  parallel  trough-faulting  (see  PI.  VII, 
Section  I). 


Sections  of  the  strata  proved  in  these  two  shafts'  are  given  below  :- 

No.  2  Shaft. 


Glacial — 

Boulder-clay 
Great  Oolite  Limestone — 

Limestone     ... 
Estuarine  Series — 

Clay 

Limestone  [Estuarine] 

Clay 

Estuarine  clays,  etc. 

Northampton  Ironstone — 
Ironstone  (oxidized) 
Ironstone  (carbonate) 

Upper  Lias — 
Blue  clay 


Loam. 


Thickness. 

Ft.  Ins. 

26     6 

23     6 


Trial  Shaft. 


Glacial — 

Boulder-clay 
Great  Oolite  Limestone — 

Blue  and  pink-tinted  limestone,  very  shelly 

Limestone,  very  shelly 

Coarse-grained  calcareous  rock 

Blue  fossiliferous  limestone  (with  reddish-brown 
marl  2  ins.  and  clay  and  shells  3 i  ins.) 

Fossiliferous  limestone 

Fossiliferous  marl    ... 

Blue  limestone 

Blue  and  yellow  fossiliferous  marl 

Grey  limestone 

Estuarine  Series — 
Grey  fossiliferous  clay 
Hard  green  stone     ... 
Neutral  grey  clay    ... 
Green  clay    ... 
Neutral  grey  clay    ... 
Green  clay    ... 
Green  clay,  very  hard 
( lieea  day,  hard 
Neutral  grey  clay     ... 
Limestone     ... 
Limestone,  fossiliferous 
Neutral-tinted  arenaceous  clay 
Limestone     ... 
Limestone,  fossiliferoua 

Northampton  Ironstone — 

Ironstone,  argillaceous 
Ironstone,  hard  bed 
Ironstone,  arenaceous 
Ironstone,  red  and  green 
Ironstone,  green  carbonate 


n 

9 

5 

6 

0 

6 

9 

3 

9 

0 

:: 

0 

1     4 


3    0 


3    0 

0  10£ 

0     9* 

vn 

0     9* 

0     6 

1     3 

2  10 

1     0 

0     8 

2    0 

0     6 

1     0 

1     6 

1     2 

1     1 

1     S 

1   10 

o    r> 

0     T 

0      '.1 

0    10J 

<>     T 

2     0 

7   1! 

2    :'. 

2     o 

1       o 

:;   .-» 

Depth. 
Ft.  Ins. 


50    0 


84     0 


1  From  the  Ebbw  Vale  Steel  and  Coal  Co.,  Ltd. 
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The  section  proved  in  a  well,  known  as  the  New  Well  (Lat.  52°  19'  4"  N.  : 
Long.  (P  37'  1"  W.),'at  the  west  end  of  Irthlingborough  village,  north  of  the 
Wellingborough  road  and  one  quarter  of  a  mile  almost  due  north  of  the  Ebbw 
Vale  Co.'s  adit,  is  as  follows1  : — - 

Thickness. 
Ft.  Ins. 
Soil  ...         1     0 

Combrash — 
Limestone... 

Great  Oolite  Clay — 

Clay  

Great  Oolite  Limestone — 
Limestone... 
Clay  

Limestone... 

Upper  [and  (?)  Lower]  Estuarine  Series — 
Clay  and  marl 
Blue  clay  ... 
Yellow  clay 

Blue  rock  (Ettuarine  limestone);  coated  with  iron 
Blue  clay  ... 
Red  ru  bble  and  clay 

Northampton  Sand  [with  Ironstone] — 
Ironstone  and  white  sand  mixed 
Ironstone  (depth  61  ft.)  ... 
Dark  blue  rock  with  iron 
Red  sandstone 
Blue  rock  coated  with  iron 

Clay  

Blue  rock  ...         ...         ...         ...         ...         ...         ...         ...         3    0 

Upper  Lias — 
Clay  (depth  97  ft.)  10     0 

The  well  may  have  been  sunk  upon  a  small  fault,  one  of  those  already  men- 
tioned, for  there  is  little  or  nothing  to  represent  the  Lower  Estuarine  beds,  which 
however,  are  variable. 

It  is  expected  that  the  average  thickness  of  workable  ironstone  in  the 
Company's  mines  will  be  fully  8  feet,  and  that  it  may  actually  be  nearly  10  feet. 
At  least  one  foot  of  ore  will  have  to  be  left  for  a  roof  ;  but  as  much  as  possible  of 
this  will  be  recovered  in  the  final  working  :  and  it  is  hoped  to  get  at  least  85  per 
cent. — and  probably  more — of  the  assumed  thickness  of  8  feet. 

The  ore  is  largely,  but  not  entirely,  in  the  green  unweathered  carbonate  state. 
Between  Finedon  and  Foster's  Lodge,  one  and  a  half  miles  farther  east,  the 
ironstone  bed  is  considered  to  be  particularly  good  and  to  contain  some  of  the 
best  ore  in  the  whole  district,  while  it  is  believed  that  the  trialing  done  proves 
practically  all  the  ground  to  contain  workable  ironstone,  from  the  Islip  furnaces 
on  the  east  and  the  Burton  Company's  leases  on  the  west,  southward  to  the 
outcrop  in  the  valley  west  of  Irthlingborough. 

The  following  is  an  average  analysis2  of  the  ironstone  at  Xo.  2  Shaft,  10  feet 
of  ore  being  represented  in  the  analysis,  exclusive  of  the  lowermost  3i  feet : — 

Per  cent, 
flron 
j  Silica 
Calcined  ore  ...  !  Lime 


2 

0 

11 

6 

0 

6 

1 

6 

23 

6 

3 

0 

2 

0 

1 

6 

5 

6 

2 

0 

3 

0 

1 

6 

2 

6 

5 

0 

4 

0 

12 

6 

1 

6 

dried 


Raw     ore 

100°  C.       ... 
Raw  ore,  moist 


Magnesia... 

]  Manganese 

^Phosphorus 
at  (  Sulphur  ... 
...  \  Loss  on  calcination 
...     Loss  on  calcination 


46-34 

13-12 

6-20 

2-62 

0-17 
0-7.31 

0*53 
24  -5S 
31-72 


1  Reproduced  from  'Water  Supply  of  Bedfordshire  and  Northamptonshire 
(Mem.  Geol.  Surv.),  1909,  p.  112. 
-  From  the  Ministry  of  Munitions. 
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Upper  8  feet. 

Lower  4  feet. 

i                                             i 

f                                             * 

— 

Raw  Ore. 

Raw  Ore. 

a 

Cak-ined 
Ore. 

r 

Moist. 

Dried. 

Ore. 

( 
Moist.       Dried. 

1 
Per  cent.  Per  cent.  Per  cent. 

Per  cent.  Per  cent 

Per  cent. 

Iron 

32-78    j     36-30        49-86 

28-84       30-29 

3966 

Silica 

7-40          8-20    j     11-26 

18-37   \     19-30 

25*26 

Lime 

4  1".          4 -fin          6-32 

3-23         3-40 

4-45 

Sulphur... 

0-33 

0-37        — 

(1-47         0-60 

— 

Phosphorus 

0-42 

0-46   1      0-63 

0-30          0-32 

0-42 

Moisture 

9-68 

— 

4-80         — 

— 

Loss  on 

calcination 

34-24 

27-26 

27-26       23-60 

The  ironstone,  which  it  is  expected  will  be  worked  at  the  rate  of  2,000  tons  a 
day,  will  be  mined  on  the  pillar-and -stall  principle.  The  output  will  supply  the 
Company's  Ebbw  Vale  furnaces  in  South  Wales,  and  will  be  used  for  the  produc- 
tion of  basic  steel.     The  ore  will  be  calcined  in  kilns  at  Irthlingborough. 

It  is  said  that  at  distances  of  a  mile  west  and  south-west  of  Little  Addington 
thicknesses  of  ironstone  ranging  from  19  feet  to  29  feet  have  been  proved  under- 
ground, but  the  accuracy  of  the  statement  cannot  be  guaranteed. 

In  the  neighbourhood  of  Raunds.  east  of  the  Nene  Valley,  a  well  at  the  old 
limestone  quarry,  less  than  half  a  mile  west  of  the  village,  proved  14  feet  of  iron- 
stone, the  lower  part  hard  and  blue,  at  a  depth  of  20  feet,  where,  according  to  the 
well-section,  it  lies  immediately  below  the  Great  Oolite  Limestone.  Another 
well  south-west  of  the  village  proved  the  ironstone  to  be  only  7  feet  2  inches, 
with  a  pyritous  bed  in  the  lower  part ;  and  a  third  well  at  the  brickworks  east  of 
Raunds  showerl  a  farther  reduction  to  5  feet  of  hard  and  very  pyritous  ironstone.2 
A  well3  three-quarters  of  a  mile  north-east  of  Higham  Ferrers,  at  '  Red  Links  ' 
near  the  Chelveston  Brook  proved  8  feet  3  inches  of  *  fairly  rich,  cellular  ironstone  ' 
at  a  depth  of  12  feet  5  inches. 

Another  trial  well  on  the  Bedford  road  south  of  Rushden  gave  the  thickness 
of  ironstone  as  only  3  feet  at  a  depth  of  102  feet. ' 

Messrs.  Butlin,  Ltd.,  have  worked  out  in  former  years  a  certain  amount  of 
ironstone  in  the  proximity  of  their  Irthlingborough  furnaces,  situated  one  mile 
east  of  Wellingborough,  on  the  east  side  of  the  railway  ;  but  they  were  not 
working  ironstone  themselves  in   1917. 

The  Midland  Briok  Co.  are  getting  the  ironstone  on  the  of  Welling- 

borough,  west  of  the  railway  and  immediately  south  of  the  Wellingborough  Iron 
Co.'s  furnaces.  The  pit  has  a  working-face  about  900  feet  in  length,  and  the 
direction  of  working  is  west  from  the  outer  edge  on  the  eastward  slope  of  the 
ground.  As.  however,  the  ironstone  crops  out  near  the  top  of  the  rise,  theamount 
of  cover  averages  only  .">  feet  to  10  feet,  and  in  some  parts  is  less.  The  following  is 
■■<  typical  seotion  of  the  beds,  near  the  south-west  end  of  the  pit: — 

It  Ins. 
Soil,  remnants  of  boulder-clay  and  disintegrated  ironstone 

about... 
Brown    weathered    oolitic    ironstone,    broken    and    mixed 

with  soil,  about 
Solid  ironstone,  oolitic   brown  and   well -weathered 
Sandy  ironstone  (not  worked),  about 
■  iv  sand,  about 

Blue  clay  (Upper  L  ...          — 

•  Iron,  the  Ebbw  Vale  Steel  and  Coal  Co..  Ltd. 

1  For  complete  sections  of  these  wells,  .->•  "Water  Supply  of  Bedfordshire 
and   Northamptonshire  '  (Man.  Otoi.  8wrv.),  1909,  pp    147    B 

:i  (>/i.  cit..  p.  [08,  where  the  position  of  the  well  is  given  wrongly  as  N.W.  "f 
Hjgham  Ferrers 

*  Op.  cit.,  p.  161. 


2    0 


6 

0 

4 

0 

1 

II 

I 
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Boulder-clay  in  some  cases  descends  in  pockets  ('gulls  ')  into  the  ironstone. 
The  broken  upper  bed  of  the  stone  is  riddled  to  free  it  from  sand  and  soil.  The 
general  thickness  of  the  ore,  including  this  broken  bed,  is  9  feet  or  10  feet.  The 
average  iron-  and  silica-con  tents  in  the  raw  ore  as  received  are  given  as — iron 
34  per  cent.,  silica  19  per  cent.1  , 

All  work  is  done  by  hand.  The  output  is  sold.  Most  of  it  is  used  in  the 
neighbourhood,  but  a  small  proportion  is  sent  to  Middlesbrough. 

The  full  extent  of  the  old  ironstone-workings  at  and  near  Wellingborough, 
including  those  at  Red  Well  half  a  mile  north-west  of  the  town,  has  not  been 
ascertained. 

Southern  Part  of  Main  Northampton  Ore-field. 

Messrs.  James  Pain,  Ltd.,  hold  leases  of  Northampton  Ironstone  west  and 
south  of  Irchester,  but  have  so  far  worked  only  a  small  part  of  this  ground  at 
their  Wellingborough  pit,  west  of  Irchester,  from  which  the  general  direction  of 
working  is  south-eastward.  In  this  pit,  with  a  working-face  1,800  feet  in  length, 
the  average  thickness  of  cover  is  12  feet,  of  ironstone  9  feet.  The  cover  is  removed 
by  steam  -navvy,  the  ironstone  worked  by  hand.  The  output  is  sold  in  the  raw 
state. 

Analyses2  of  the  raw  ironstone  are  appended  : — 


— 

I. 

II. 

III. 

IV. 

Ore,  as  received. 

Iron         

Iron  (dried  at  100°  C) 

Silica 

Alumina... 

Lime 

Magnesia 

Manganese 

Sulphur  ... 

Phosphorus 

Moisture... 

Loss  on  ignition 

- 

Per  cent. 
32-0 

10-9 

2-13 

0-84 

Per  cent. 

33-33 

37-80 

14-11 
7-63 
2-38 
0-60 
0-167 
0  043 
0-608 

11-8 

Per  cent. 
34-47 
39-00 
13-90 

8-53 

4-30 

1-14 

11-60 
13-60 

Per  cent. 
34-81 

12-02 

108 

11-13 

A  well  in  Irchester  proved  the  ironstone,  at  a  depth  of  11  feet,  to  have  a 
thickness  of  9  feet  6  inches,  the  upper  part  being  red  and  broken,  the  lower  part  a 
hard  ironstone-rock.3 

Another  well  at  the  Wilby  Waterworks,  half  a  mile  north  of  the  village  of 
Wilby.  and  one  and  a  quarter  miles  south-west  of  Wellingborough  showed 
11  feet  of  iron  stone- beds  at  a  depth  of  33  feet  9  inches. 

The  Earls  Barton  Ironstone  Company  work  the  Northampton  Ironstone  at 
Earls  Barton,  and  have  proved  and  leased  an  extensive  tract  of  surface-ore, 
capping  the  plateaux  for  at  least  2 \  miles  north-westward  and  1  \  miles  north- 
eastward from  Earls  Barton.  They  have  two  pits  working  at  Earls  Barton, 
the  principal  one  (Doddington  pit)  half  a  mile  east  and  a  smaller  (New  Barton 
pit)  a  little  farther  north,  at  the  north-east  end  of  the  village. 

In  the  Doddington  pit.  working  north-eastward  on  the  north  side  of  the  road 
to  Great  Doddington,  the  cover  varies  from  4  feet  to  18  feet  and  the  ore  averages 
6  feet,  between  limits  of  4  or  5  feet  and  8  feet  A  section  in  the  middle  of  the 
working-face,  which  has  a  length  of  1.200  feet,  showed  : — 

Ft. 

Soil        2  ft.  to  3 

Lower  Estvarine  Series — 

Blue  clay,  uneven,  up  to  about 
White  sand,  about 
Northampton  Ironstone — 

Brown  oolitic  ironstone,  rather  massive,  with  '  box- 
structure,'  about  1  foot  at  the  top  looking  rather 
sandy  :  very  little  green  stone  in  lower  part,  about ... 


1 
13 


In  8. 
0 

0 
0 


8     0 


1  From  the  Ministry  of  Munitions.  2  Id. 

3  'Water  Supplv  of  Bedfordshire  and  Northamptonshire'  (Mem.  Geol.  Surv. 
1909,  p.  110. 
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In  the  New  Barton  pit,  "with  a  working-face  160  feet  long,  the  cover  consists 
of  merely  4  feet  or  5  feet  of  soil  with  disintegrated  ironstone,  and  the  solid  ore 
below,  brown  and  well  weathered,  lias  a  similar  thickness. 

The  following  analyses  illustrate  the  character  of  the  Earls  Barton  "re: — 


Moist  Ore. 

I.1 
(averaged) 

Ore  dried  at  100°  C. 

II." 

m* 

IV.1 

V* 

— 

Dodding- 

Dodding- 

Dodding- 

New  Bar- 

ton  pit, 

ton  pit. 

ton  pit, 

t'lii  pit. 

road  end. 

middle. 

bottom 
end. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Iron     ... 

28-69 

— 

— 

— 

— 

Iron  (dried  at  100°  C.) 

34-00 

37-24 

39-60 

41-55 

42-60 

Silica 

17-05 

23-40 

17-60 

Insoluble 

* 

16-80 

Alumina. 

15-80 

r~ 

Alumina 

10-21 

4-34 

4-58 

4-87 

4-72 

Lime  ... 

•42 

2-00 

4  00 

3-00 

1-10 

Magnesia       

•39 

— 

— 

— 

— 

Manganese     

•27 

•56 

■56 

•37 

•46 

(MnO) 

MnOj 

(MnO 

MnO 

Sulphur         

•17 

— 

— 

— 

— 

Phosphorus  ... 

•60 

1-66 

1-75 

1  -57 

2-02 

(P.O.) 

P.O.) 

(P.O.) 

P.O.) 

Moisture 

15-60 

20-86 

18-00 

18-50 

26-10 

Loss  on  ignition 

14-80 

14-40 

14-00 

14-60 

The  working  (opencast)  is  at  present  done  entirely  by  hand.  The  whole 
output  goes  in  the  raw  state  to  the  furnaces  of  the  Shelton  Iron.  Steel  and  Coal 
Co.,  Ltd.,  the  Midland  Coal,  Coke  and  Iron  Co.,  Ltd.  (North  Staffordshire),  and 
the  Stanton  Ironworks  Co.,  Ltd.  (Derbyshire),  joint  owners  of  the  Earls  Barton 
Ironstone  Co. 

SOUTH-WESTEEX  DISTRICT:    NORTHAMPTONSHIRE. 

The  Whiston  Ironstone  Co.,  Ltd..  work  the  same  ironstone  south-west  of 
Whiston,  on  the  south  side  of  the  Nene  Valley. 

The  outcrop  of  the  stone  at  the  ( Sompany's  workings  is  narrow,  and  the  ground 
rises  westward  into  a  spur  of  relatively  high  ground  capped  by  the  Great  Oolite 
Limestone.  The  ironstone  is  being  worked  westward  through  the  north  end  of 
this  spur.  Consequently  the  cover,  comparatively  thin  at  the  north  end  of  the 
working-face,  which  has  a  length  of  nearly  1,800  feet,  increases  to  a  considerable 
thickness  towards  the  smith  end.  and  ranges  from  5  feet  to  about  30  feet.  The 
ironstone  increases  from  barely  .">  feel  at  the  outcrop  to  8  feet,  below  which  is 
2  feet  or  3  feet  of  sandy  very  siliceous  stone,  not  worked. 

The  ironstone  lies  nearly  flat  in  the  northern  and  southern  ]>arts  of  the  pit: 
but  locally,  near  the  middle,  H  decided  eastward  dip  and  rises  obliquely 

into  the  working-face  A  section  of  the  beds  near  the  north  end  i  Firs  Spinney) 
showed  : 

Upper  and  Lower  Sstuarim  Series —  Ft.  Ins. 

Pockety    soil    and     remnants    of    disturbed     blue    H    . 

-ill line  limestone  i '  Estaarine  Limestone  ')  from  3ft. to  1     ti 

\nishdilue  clay  resting  OH  Strongly  undulating  surface 

of  sand  below,  wit  ion  of  differential  movement. 

I  r  erosion,  from        1  ft  10 


1  Prom  P.  H.  Hatch,  op.  eft. 

-  From  the  Earls  Barton  [ronsti       I 
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Fine-grained  white  quartz-sand,  with  strongly  undulating 
or  pockety  upper  surface,  and  becoming  a  hard  yellow 
sand  -rock  at  the  bottom  :  variable,  about 

Pale  blue  fine-grained  silty  sand,  about 

Northampton  Ironstone — 

Brown,  densely  oolitic  ironstone,  rather  soft,  close-jointed, 
with  many  laminae  of  brown  ferric  oxide  along  joints  and 
bedding-planes,  so  as  to  produce  an  irregular  '  box- 
structure  '  :  no  green  cores  :  about 

Hard  sandy  ironstone,  scarcely  seen  :    said  to  be  ...    2  ft. 


Ft.  Ins. 


6 
to  3 


The  surface  of  the  ironstone  bed  hereabouts  is  slightly  stepped  with  little 
faults  in  a  direction  about  N.E. — S.W.,  with  individual  displacements  of  less 
than  1  foot  mostly  down  north-west.  The  effect  of  these  seems  to  be  neutralized 
by  a  tilting  of  the  beds  between  the  faults. 

In  the  southern  half  of  the  working  the  '  Estuarine  Limestone  '  above  the 
sand  and  clay  is  seen  to  have  a  thickness  of  apparently  about  5  feet,  and  is  suc- 
ceeded by  more  silty  sands  and  clays.  The  ironstone  contains  few  green  cores 
in  any  part  of  the  working-face.  Some  of  it  is  fossiliferous,  with  abundant 
shell-casts. 

Analyses  of  the  raw  Whiston  ironstone  are  as  follows  : — 


i      " 

II.2 

III.2 

IV2. 

Ore,  as  received. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Iron        

..        37-812 

38-37 

34-009 

33-22 

Iron  (dried  at  100°  C 

.)'       39-775 

— 

— 

— 

Silica 

..'       18-138 

15-91 

14-054 

14-120 

Alumina 

4-617 

6-37 

5-783 

7-335 

Lime 

3089 

2-53 

3-169 

2-478 

Magnesia 

..            -548 

•40 

Nil. 

•314 

Manganese 

J           -171 

•15 

•192 

•207 

Sulphur  ... 

•050 

•056 

•035 

•029 

Phosphorus 

•586 

•702 

•684 

•864 

Moisture... 

4-935 

6-40 

12-323 

14-362 

Loss  on  ignition 

..:       12-263 

11-81 

— 

The  ironstone  is  worked  opencast.  Thick  cover  is  removed  by  steam-digger, 
all  other  work  being  done  by  hand.  No 'blasting  is  done,  as  the  ore  is  close- 
jointed  and  loose.  The  output  is  sold  in  the  raw  state.  The  limestone  of  the 
cover  is  sold  for  fluxing. 

A  well  at  Great  Houghton,3  on  the  south  side  of  the  railway,  two  miles  east- 
south-east  of  Northampton  proved  green  ironstone  12  feet  thick  at  a  depth  of 
65  feet. 

The  old  workings  of  the  Staveley  Coal  and  Iron  Company  at  Duston  (about 
a  mile  west  of  Northampton),  where  ironstone  was  worked  first  in  1859,4  were 
closed  in  1909.  The  thickness  of  ironstone  there  worked  is  said  to  have  been 
as  much  a3  25  feet,  but  nothing  like  the  full  thickness  can  now  be  seen  in  the 
old  working-face,  which  shows  about  15  feet  of  the  brown-weathering  ferruginous 
sandstone  ('  Variable  Beds  '  :  see  pp.  141-2)  developed  locally  just  above  the  iron- 
ore.     The  sandstone  contains  marine  fossils  and  brown  laminae  of  ferric  oxide. 

The  Hunsbury  Hill  Ironworks  (Executors  of  the  late  P.  Phipps)  are  situated 
a  little  more  than  a  mile  west-south-west  of  Northampton. 


1  From  the  Whiston  Ironstone  Co.,  Ltd. 

2  From  the  Ministry  of  Munitions. 

3  '  Water  Supply  of  Bedfordshire  and  Northamptonshire  '  (Mem.  Geol.  Surv.). 
1909,  p.  102. 

4  'Mineral  Statistics  of  the  United  Kingdom  '  {Mem.  Geol.  Surv.). 
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The  Company's  ironstone  pits  are  : — ■ 

(a)  Danes  Camp  :  Two-thirds  of  a  mile  south-east  of  the  furnaces. 

(b)  Wootton  :  Extending  from  I  mile  to  2!  miles  south-east  of  the  fur 
as  far  as  the  village  of  Wootton. 

(c)  Blisworth  :  on  the  east  side  of  the  town  :  old  workings  also  on  the  west  side. 

A  considerable  area  has  also  been  worked  out  at  Hunsburv  Hill  close  to  the 
ironworks. 

The  thickness  of  cover  ranges  from  nil  to  17  feet  or  18  feet  at  Danes  Camp, 
and  the  maximum  thickness  at  Wootton  is  the  same.  The  ironstone  averages 
8  feet  -  9  f<>et  at  Danes"  Camp  and  9  feet-  10  feet  at  Wootton.  Trie  sandstone 
of  the  '  Variable  Beds  '  above  the  ironstone  has  a  thickness  of  9  feet  -  11  feet 
in  these  two  pits. 

The  working-face  in  the  middle  of  each  of  these  pits  showed  : — 


Danes'  Camp. 
Glacial—  Ft.       Ft. 

Boulder-clay  (local)  with  flints  and  Bunter 
quartzite-pebbles...        ...        ...        ...   .  3  to     4 

Lower  Estuarine  Series — 

Sand — 

'  Variable  Beds  ' — 

Bedded  ferriferous  sandstone,  buff,  brown 

or  green     ...  ...  ...  ...  ...     10   to   1 1 

Northampton  Ironstone — 

Brown  oolitic  ironstone,  with  '  box- 
structure  '  and  cellular  weathering  in  the 
later  stages  :  beds  of  densely  oolitic  gree  i- 
hearted  stone  in  the  lower  pr.rt  at 
Wootton  :  very  little  green  stone  at 
Danes'   Camp:   thickness  up   to         ...       9  or  10 

Upper  Lias — 

Blue  clay       ...         — 


Wootton. 

Ft.      Ft. 


Nil  to    4 


About    9 


About  10 


Undulation  of  the  strata  brings  up  the  Upper  Lias  clay  to  the  surface  in  the 
south-west  part  of  the  Danes'  Camp  pit.  There  are  no  sandy  beds  at  the  base 
of  the  ironstone. 

In  the  Wootton  pit  the  sandstone  above  the  ironstone  changes  in  a  few  yards 
from  a  hard  green  or  brown  stone  superficially  resembling  the  ironstone  below, 
to  a  soft  buff  sandstone  or  sand  similar  to  the  sands  of  the  Estuarine  beds.  How- 
ever, the  failure  of  the  '  box-structure  '  and  cellular  weathering  of  the  ironstone 
to  pass  up  into  the  sandstone  serves  readily  to  distinguish  the  two   I 


The  following  are 

analyses 

'  of  the  innstone  of  the 

te  workings  : — 

Wootton. 

Blis- 

Italics"  (  a  nip. 
I. 

A 

wi  >rt  It . 

II.                     III. 

IV. 

t                  -                            ^                                                  ^( 

Raw  <>r<  [monthly 

,, 

aw  r  \ 

Bli  isl 

. 

Dried. 

Moist. 

Iron 

37-31 

44-9 

31-39      :^-7 

38  a 

Siliceous  matter    ... 

1  1  -T 1 

10-31 

12-4 

12-65      It 

Lime 

— 

— 

1  -75 

2-1 

1  -4t>         1  -8 

— 

Magnesia    ... 

— 

— 

0-44 

- 

— 

Ma 

— 

— 

012 

014 

0-12       014 

— 

isphorus 

— 

— 

— 

— 

0-74 

— 

Moisture 

3 

— 

16-9 

— 

18-9          — 

20-4 

1.   BB  on  calcination 

—          —        10-92 

1  From  the  Hunsburj   Hill  Ironworks. 
Vol.  xii. 


206 


NORTHAMPTON    IRONSTONE. 


Cover  and  ironstone  are  both  worked  by  hand  (opencast)  ;  where  thick,  the 
cover  is  removed  in  two  lifts.  The  ore  of  the  three  pits  is  mixed  together  with 
Brixworth  ironstone,  for  the  production  of  forge-  and  foundry-iron.  In  1918 
basic  iron  was  being  made,  after  addition  of  manganese-ore. 

Mr.  R.  B.  Sparrow  has  pits  working  the  Northampton  Ironstone  in  the  neigh- 
bourhood of  Gayton.  The  ore  has  been  worked  out  from  the  south  side  of  that 
village  eastward  beyond  the  railway  as  far  as  the  old  Blisworth  workings  on  the  west 
side  of  Blisworth  (see  above).  But  a  considerable  area  of  proved  ground  remains 
for  working  on  the  east  and  north-east  sides  of  Gayton,  and  also  north  of  the 
ground  exhausted  on  the  east  side  of  the  railway.  The  latter  tract  is  now  being 
worked  westward  from  its  junction  with  the  old  Blisworth  workings.  Much  of 
this  tract  has  been  worked  over  once  in  former  years,  so  that  only  the  lower 
part  of  the  ironstone  remains. 

The  cover  hi  the  present  workings  is  consequently  thin,  ranging  from  4  feet 
to  7  feet,  and  consisting  largely  of  earth  mixed  with  broken  ironstone,  some 
of  which  is  saved  by  riddling.  The  thickness  of  ironstone  now  worked  averages 
5  feet  -  6  feet.  It  is  a  brown  oolitic  ore  thoroughly  weathered  and  thin-bedded, 
and  on  analysis  shows  the  following  composition  : — 

•  Average  Analysis  for  1917.1 


As  received. 

Dried  at  100°  C 

Per  cent. 

Per  cent. 

Iron    ... 

...       37-178 

43-637 

Silica 

947 

11-12 

Alumina 

6-15 

7-23 

Lime  ... 

1-55 

1-83 

Magnesia 

Trace. 

Trace. 

Manganese    ... 

0-232 

0-273 

Sulphur 

0-044 

0-052 

Phosphorus  ... 

0-735 

0-863 

Moisture 

...       14-80 

— . 

Combined  water  and  alkalies 

...       12-96 

15-22 

The  ground  on  the  south-west  side  of  the  exhausted  area  south  of  Gayton 
(Gayton  Wilds)  has  been  proved  by  trialing  to  contain  green  ore,  not  suitable 
for  present  requirements,  under  an  increased  thickness  of  cover. 

The  ironstone  is  worked  opencast  entirely  by  hand.  Surplus  ore  not  required 
for  sending  off  at  once  is  sometimes  calcined  at  the  pits.  The  whole  output  is 
sold  and  goes  to  Yorkshire,  North  and  South  Staffordshire  and  Shropshire. 

The  Tow.  ester  Mineral  and  Brick  Company  have  ironstone-workings  about 
a  mile  and  a  half  north-east  of  Towcester  ;  and  have  worked  out  two  tracts  there, 
separated  by  the  road  to  Blisworth,  and  a  third  smaller  tract  near  Shutlanger. 
Work  is  now  proceeding  north-eastward  from  the  most  westerly  working,  west 
of  the  Blisworth  road,  near  Gaston  Neston. 

The  cover  ranges  from  nil  up  to  35  feet,  the  working-face  having  now  reached 
the  outcrop  of  the  Great  Oolite  Limestone.  The  full  thickness  of  the  ironstone 
worked  varies  between  10  feet  and  12  feet. 

The  face  of  the  present  working,  known  as  Clay-pit  Quarry,  shows  : — 


Great  Oolite  Limestone — 
Limestone 

Upper  and  Lower  Estuarine  Series- 
Blue  clay 
Sand, about 

'  Variable  Beds  ' — ■ 

Sandstone,  up  to  about 

Northampton  Ironstone — 
Ironstone 


Ft. 
up  to  about     8 


2  ft. 


to    4 
..  13 

,..   10 


10  ft.  to    12 


35  ft. 


The  ironstone,  oolitic,  is  partly  brown  and  partly  green,  with  '  box-structure  ' 
and  cellular  weathering  ending  abruptly  upwards  at  the  overlying  sandstone. 

1  From  the  Ministry  of  Munitions. 
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So  far  the  ironstone  has  been  worked  entirely  opencast,   but  underground 
mining  is  contemplated.     The  cover  is  removed  by  steam-navvy,  the  ironstone 
by  hand.     Average  analyses1  of  the  ironstone  show: — 
Monthly  average  analyses  in  L915. 


Raw  Ore. 

Calcined  Ore. 

I.                         II. 

III.                      IV. 

As     1                   As 

As 

As 

received  Dried. 

received  Dried. 

received 

Dried,  received 

Dried. 

per  cent;per  cent 

per  cent 

per  cent  per  cent'per  cent  per  cent 

per  cent 

Iron 

33-01    ■  38-70 

34-88 

39-10 

38-21       40-10      40-39 

41-60 

Silica 

12-20      14-30 

8-56 

9-60 

11-72      12-30      13-0] 

13-40 

Lime 

3-24 

3-80 

401 

4-50 

4-29   1     4-50        4-27 

4-40 

Phosphorus... 

1-00 

1-17 

103 

1-15 

1-27   !     1-33        117 

1-21 

Moisture 

14-70 

— 

10-80 

■ 

4-70         —          2-90 

Some  prospecting  has  been  done  in  the  neighbourhood  beyond  the  actual 
working-area.  There  is  no  reason  to  doubt  that  workable  ore  persists  under- 
ground northward  as  far  as  the  Gayton  workings,  on  the  east  side  of  the  railway. 
But  much  of  this  may  be  in  the  green  carbonate  state  and  at  too  great  a  depth  for 
opencast  working.  A  boring  about  one-third  of  a  mile  north-east  of  the  present 
working-face,  and  about  300  yards  east  of  the  road  near  the  Reformatory,  failed 
to  reach  the  ironstone  at  a  depth  of  80  feet. 

1  From  the  Towcester  Mineral  and  Brick  Co. 
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CHAPTER    VII. 

MISCELLANEOUS  JURASSIC  AND  LATER  IRON  ORES. 

Yorkshire.     By  G.  W.  Lamplttgh. 

CRETACEOUS   ORES. 

K\rby  Underdale,  East  Yorks.  (One-inch  Geol.  map,  N.S.  Sli. 
63;  6-inch  map,  Yorks.  Quarter-Sheet  159  N.E.)  At  the  western 
edge  of  the  Yorkshire  Wolds  E.N.E.  of  York,  a  patch  of  ferrugin- 
ous sandrock  emerges  from  beneath  the  Chalk  at  the  head  of 
Scotten  Dale,  a  deep  coombe  1  mile  east  of  Kirby  Underdale.  The 
bed  appears  to  be  only  3  or  4  feet  thick  where  first  seen  in  the 
sides  of  the  coombe,  but  thickens  rapidly  eastward  to  12  or  15  feet 
before  passing  out  of  sight  beneath  the  Chalk,  and  may  become 
still  thicker  underground.  It  is  a  coarse-textured  rusty-red  semi- 
coherent  rock,  composed  partly  of  sand-grains  and  partly  of  oolitic 
grains  and  flaky  particles  of  iron-oxide.  A  sample  collected  many 
years  ago,  and  recently  analysed1,  gave,  in  the  dry  rock  : — Iron, 
27-60  per  cent,  and  silica,  38"15  per  cent.  An  analysis  made  in  the 
Chemical  Laboratory  of  the  Geological  Survey  from  samples 
collected  at  the  outcrop  in  1917  gave  the  following  results. 

Analysis  of  ferruginous  Sand  from  Scotten  Dale.     March,  1919. 

Lab.  No.  600.  Sample  dried  at  212°  F. 

Per  cent.  Per  cent. 

Fe2Os  ...         41-65         =         Iron         29-16 

SiOo 3766 

OO 2-47 

P2Os 156 

S       -04 

Insoluble  residue         ...  ...        3925 

It  is  stated  in  the  memoir  on  the  district2  that  the  rock  has  been 
"  tried  as  an  ironstone  but  without  success."  If  means  should  be 
devised  for  cheaply  separating  the  sand-grains  from  the  iron- 
grains  in  this  rock  and  others  of  the  same  character  (p.  228)  the 
deposit  may  be  yet  found  to  possess  economic  value. 

The  Scotten  Dale  ironsand  is  not  continued  southward,  but  the 
band  of  Red  Chalk  which  forms  the  basement-bed  of  the  Ciialk 
throughout  the  Wolds  has  in  this  district  a  conglomeratic  base, 
rarely  more  than  a  few  inches  thick,  in  which  worn  lumps  of  iron- 
stone occur  plentifully.3  Farther  south,  thin  lenticles  of  iron- 
stone are  developed  locally  at  this  horizon,  as  described  below. 

Goodmanham  (One-inch  Geol.  nraj),  N.S.  Sh.  72:  6-inch  map, 
Yorks.  Quarter-Sheet  194  S.W.).  This  place  is  12  miles  S.S.E. 
of  Kirby  Underdale  and  1}  mile  E.N.E.  of  Market  Weighton. 
The  base  of  the  Red  Chalk  is  exposed  here  in  an  excavation  at  the 

1  We  are  indebted  to  Mr.  E.  O.  Porster  Brown  for  particulars  of  this  analysis. 

2  '  Geologv  of  the  Country  N.E.  of  York  and    S.  of  Malton.'     (Jlem.   Geol. 
Surv.),  1884;* p.  25. 

3  Ibid.,  p,  26. 
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rifle-butts  alongside  the  railway  Market  Weig-hton  to  Beverley, 
and  contains  thin  tabular  layers  of  ironstone,  associated  with 
ferruginous  mar]  ami  ironstone-breccia,  as  follows:  — 

Lower  pari  of  section  at  Rifle  Butts  near  QoodmcmJuun. 


White  chalk  with  a  pink  bawl  .:.         ...     seen,  about 

Yellowish  chalk.  about 

L)eep-red  gritty  chalk,  containing  in  the  lower  part,  lumps 

and  tabular  masses  of  hard  ironstone,  2  to  6  ins  thick 
Soft  blotchy  red  and  yellow  ferruginous  marl  or  decom- 
posed ironstone,  seen  to 


Ft.  Ins. 
20 
1     0 

1     0 

0     7 


Analyses  of  the  tabular  bands  and  the  ferruginous  marl,  made 
in  the  Ohemioa]  Laboratory  of  the  Geological  Survey,  yielded  the 
following  results.  It  will  be  seen  that  the  tabular  layers  are  of 
high  quality;  but  the  quantity  obtainable  would  be  small. 

Analyses  of  ironstone  bands  and  marl  at  base  of  Red  Chalk, 

Goodmanham  Rifle  Butts. 

Samples  dried  at  212°  F. 


Ironstone 

Ironstone 

Ferrug. 

Band, 

Band. 

Marl. 

Lab.  No.  601. 

Lab.  No.  602. 

Lab.  No.  603. 

Per  cent. 

Per  cent. 

Per  cent. 

Fe2Os 

7550 

6750 

3750 

SiO, 

6-53 

7-08 

1306 

CaO 

•55 

4-62 

1645 

PA 

•75 

'76 

1-04 

s     

•04 

05 

03 

Iron 

52-85 

47-25 

26-25 

Insoluble 

residue 

7-37 

8-40 

16-48 

Lincolnshire  and  Borders.     By  C.  B.  Wedd. 

JURASSIC  ORES  OF  MINOR  IMPORTANCE. 

These  ores,  on  account  of  their  poor  quality  or  expense  of 
working,  have  been  worked  only  for  a  short  time,  if  at  all:  — 

( '»';■» 'it  Oolite. — Overton  ironstone:  bands  of  ironstone-balls  in  Great  Oolite 
Clay  at  Overton  (Hunts.),  south  of  Peterborough  [tee  table,  p.  141). 

Upper  EttuarifU  Series. — Ironstone  at  Ryhall  Heath  (Rutland):  at  base  of 
clays  over-lying  Lincolnshire  Limestone  .  p.  141). 

/.'■'.■■  r  Lias  Peoten  Ironstone;  it  top  of  L>\ver  Lias  clays  in  North  Lincoln- 
Bhire  i  <•  ■  genera]  station,  p.  71  . 

Pecten  Ironstone. 

The  Peoten  Ironstone  ol  North  Lincolnshire  consists  at  the 
surface  of  ferruginous  ooliths  in  a  calcareous  or  marly  matrix. 
From  ilif  Frodingham  district  southward  a  little  beyond  Kirtan 
Lindsay  it  has  a  thickness  oi  1  feet  or  a  Little  more,  but  is  not 
considered  oi  lie  value  a>  an  ore.1     1'   is  said,  however,  to 

have  been  dug  as  such  aeai   Wesi  Halton,1  north  of  Frodingham 

and  Scunthorpe. 

1  J.DalgueshandR  I  urkson  the  Bedsoi  Ironstone  oconrring 

in  Lincolnshire.'   Trans    X    of  Kni    Inst.  Min    a    .'/•/,     t'ng..  VOL  xxiv     lJ>74-5). 
1  'Geology  of  North  Lin  win  shire  '  [Mem.  OeoL  Surv.},  1890,  p.  43. 
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Ironstone  at  the  base  of  the  Upper  Estuarine  Series. 

At  Ryhall  Heath,  3^  miles  north  of  Stamford,  this  ironstone 
forms  the  flat  surface  of  the  ground  for  some  distance,  and  has 
been  dug  at  intervals  along  the  north  side  of  the  road  to  Pick-worth 
for  nearly  a  mile.  It  consists  in  its  weathered  state  of  a  cement 
of  ferric  oxide  enclosing  sand-grains,  with  crusts  and  joint-fillings 
of  rich  brown  limonite.  It  shows  no  oolitic  structure  in  that  state, 
and  is  apparently  an  argillaceous  and  siliceous  ore  fairly  rich  in 
iron.  No  evidence  was  found  of  its  full  thickness,  but  1  foot  of 
it  was  visible  in  places.  It  seems  to  be  merely  a  local  deposit,  of 
doubtful  economic  value.  Its  exploitation  has  been  considered, 
but  the  project  was  abandoned  on  realizing  that  the  ore  was  not, 
as  had  been  supposed,  the  Northampton  Ironstone. 

In  Northamptonshire  this  ironstone  has  a  wide  distribution  as 
a  band  of  nodular  iron-ore  ('  ironstone  junction-bed ')  seldom 
much  more  than  1  foot  in  thickness,  but  worked  in  ancient  times.1 
It  yields  a  good  quality  of  iron,  but  does  not  pay  to  work.2 

Ironstone-bands  of  the  Great  Oolite  Clay. 

Near  Overton  Longville,  south  of  Peterborough,  "  the  late  Mar- 
quis of  Huntly  commenced  digging  the  ironstone-balls,  which 
form  four  bands  in  the  midst  of  the  dark-blue  clays  [Great  Oolite 
Clay].  The  ironstone  in  the  upper  bands  was  soft  and  of  a  dark- 
brown  colour,  owing  to  weathering  action,  but  the  lower  bands 
were  of  a  greenish-white  colour,  and  unoxidised,  and  every  grada- 
tion between  these  two  varieties  occurred.  The  ironstone  is  said 
to  have  been  of  good  quality,  and  between  100  and  200  tons  of  it 
were  sent  to  Wellingborough  to  be  smelted.  Its  exploitation  was 
soon  abandoned,  owing  to  the  quantity  of  material  which  had  to 
be  removed  to  obtain  the  nodules  of  ironstone."3 

CEETACEOUS    OEES   OF  LINCOLNSHIRE. 

Claxby    Ironstone. 

(One-inch  New  Series  Ordnance  maps  89,  90,  103.  Old 
Series  Geological,  86,  83.) 
The  Claxby  Ironstone  occurs  at  the  base  of  the  Tealby  Clay, 
and  immediately  above  the  Spilsby  Sandstone,  all  three  deposits 
belonging  to  a  local  development  of  the  Lower  Cretaceous  Series. 
The  following  section4  represents  the  general  sequence  and  the 
thickness  of  the  strata  in  the  neighbourhood  of  Nettleton  and 
Claxby,  within  the  main  area  of  this  ironstone-formation  {see 
map,  PI.  V). 


1  '  Geology  of  Rutland  '  {Mem.  Geol.  Surv.),  1875,  pp.  112,  189. 

2  B.  Thompson,  op.  supra  cit.,  p.  476. 

3  Geology  of  Rutland  '  {Mem.  Geol.  Surv.),  1875,  p.  217  ;  quoted  in  '  Jurassic 
Rocks  of  Britain,'  ib.,  vol.  iv,  1894,  p.  416. 

4  Based  on  J.  W.  Judd's  section  in  '  Additional  Observations  on  the  Neo- 
comian  Strata  of  Yorkshire  and  Lincolnshire,'  Quart.  Joum.  Geol.  Soc,  vol.  xxvi, 
1870,  p.  331. 
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Section  of  Upcast  .Shaft,  Acre  House  Mine. 

Soil        

[Upper  Cretaceous] — 

White  chalk  {Lower  Chalk]     0  to 

Beds  of  yellow  day  and  red  marly  chalk  [Med  chalk] 
Red  Band  [Carstone]    ... 

[Lower  Cretaceous] — 

Limestone  rock,  bard  and  blue-hearted  [Tealby  Limestone] 

IJlue  clay  [Tealby  Clay] 

Ironstone,  soft  and  eartliy  above,  solid  and  finely  oolitic 
below  (only  the  lower  part  is  worked)  [Claxby 
Ironstone]       ...  ...  ...  ...  ...  ...     13  to 

Coarse  greenish-white  sands  ,in  places  indurated  into  hard 
sandstone-rock  [Spilsby  Sandstone]  ...  ...      6  to 

[Jurassic] — 

Very  dark-coloured,  highly  bituminous,  shaly  clay.  A 
thin  bed  at  the  top  is  remarkable  for  its  highly  inflam- 
mable character  and  greatly  resembles  the  Kimmeridge 
coal  of  the  south  of  England  (Kimmeridge  Clay)         ...        — 

South-eastwards  the  Lower  Cretaceous  increases  to  230  feet, 
made  up  almost  entirely  of  clay,  at  Skegness,  while  northward  it 
is  overstepped  by  the  Upper  Cretaceous,  which  rests  on  Kim- 
meridge Clay  at  Clixby.  Further  changes  take  place  within  the 
series,  a  calcareous  and  ferriferous  bed,  the  '  Roach,5  replacing  the 
upper  part  or  the  whole  of  the  Tealby  Limestone  southward,  and 
from  the  neighbourhood  of  Claxby  becoming  submerged  beneath 
a  higher  development  of  clay  like  the  Tealby  Clay1  (see  PI.  IV. 
Sect.  2). 

The  oolitic  Claxby  Ironstone  is  sharply  separated  from  the 
Spilsby  Sandstone  below,  but,  becoming  softer  and  more  argil- 
laceous upward,  passes  gradually  into  the  Tealby  Clay  above,  the 
lower  pan  of  which  usually  contains  numerous  brown  ferruginous 

ooliths. 

Palseontologically  it  is  included  with  the  Spilsby  Sandstone  in 
the  zone  of  Belemnites  lateralis  (which  belemnite  occurs  abund- 
antly in  the  ironstone),  while  the  Tealby  Clay  belongs  to  that  of 
//.  jaculu in .-'  A  highly  characteristic  fossil  of  the  ironstone 
is  i  he  large  Pecten  cinclus,  Sow.3 

Where  the  Claxby  Ironstone  is  present,  the  9trata  on  the  whole 
have  an  eastward  dip,  masked  Locally  by  undulations  with  v 
and-easl  axes  (set  PL  1  V.  Seel .  2  . 

The  ground  rises  somewhat  steeply  eastward  in  the  Cretaceous 
escarpment,  bu1  reaches  it--  maximum  elevation  quite  close  to 
that  escarpment,  the  highest  point  in  Lincolnshire  548  «».D.) 
lving  noi  Ear  from  the  A.cre  House  mine.  Thence  the  ground 
falls  away  to  the  east,  on  the  whole  gradually  and  at  much  the 

1  See  A.  Strahan,   'Notes  "it  t' ..•  Relations  of  the  Lincolnshire  Can 

Quart,  .loam    Oi         -  \ol.   xlii    LSSti.  pp.  4Sti~4(rJ. 

G    W    Lamphigh,  'On  the  Speeton  Series  in  Yorkshire  and  Lincolnshire, ' 

(m.    '•<<>!    SoC  .    vol.    hi.    IS'.Mi.    pp     loo    J    - 

;  For  liste  of  fossils  of  the  Claxby  Ironstone,  let  If  Keeping,  '  On  some  Sections 
of  Lincolnshire  Neooomian,'  ',>uart.  Joum.  Oeol.  Soc,  vol.  xxwiii  ix$2.  p.  241  : 
•  Geology  of  Lincoln  '  (if em,  Oeol  Sun       38fl    pp.  102-3. 
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same  rate  as  the  general  dip  of  the  beds.  Consequently,  while 
the  Claxby  Ironstone  in  the  escarpment  rapidly  passes  under 
thick  cover,  the  depth  to  it  does  not  increase  appreciably  for  a 
considerable  distance  eastward  in  that  neighbourhood. 

This  ironstone,  representing  a  similar  ore  worked  at  several 
places  in  North  Germany,  in  the  corresponding  '  Hils  '  forma- 
tion,1 is  not  found  in  the  equivalent  Speeton  Clay  Series  of  York- 
shire and  in  Great  Britain  is  confined  to  a  part  of  Lincolnshire. 

It  is  known  to  be  continuous  at  its  outcrop  along  the  western 
edge  of  the  Lincolnshire  Wolds,  from  Audleby  north  of  Caistor, 
where  it  disappears  northward  under  the  Upper  Cretaceous  beds, 
to  Donington-on-Bain,  a  distance  of  about  22  miles  in  a  south- 
easterly direction  (see  map,  PI.  Vj  also  PI.  IY,  Section  2).  But 
it  is  by  no  means  certain  that  it  maintains  a  commercial  quality 
throughout  that  distance.  Thence  farther  along  the  Lower  Creta- 
ceous escarpment  to  the  neighbourhood  of  Hundleby  near  Spilsby, 
no  development  of  ironstone  is  known  at  this  horizon.  But  at 
Hundleby  and  in  its  immediate  neighbourhood  a  similar  bed  of 
iron-ore,  apparently  of  no  economic  value,  is  found  at  the  base  of 
the  clay  that  overlies  the  Spilsby  Sandstone.  That  ironstone, 
however,  has  been  shown  to  belong  palseontologieally  to  a  slightly 
lower  horizon  than  the  Claxby  Ironstone,  and  is  not  likely  to  be 
continuous  with  it.  A  poor  representative  has  been  proved  in  the 
same  stratigraphieal  position  at  Willoughby,  near  Alford,  at  a 
depth  of  214  feet,2  but  none  was  found  in  this  position  at  Skegness, 
or  Dalhy,  north  of  Spilsby.3 

The  Hundleby  Ironstone  may  reasonably  be  neglected  as  an 
economic  asset.  The  Claxby  Ironstone,  on  the  assumption  of 
its  continuity  from  the  roughly  convex  outcrop  between  Audleby 
and  Donington-on-Bain  eastward  underground  as  far  a^  a 
straight  line  joining  these  points,  would  extend  over  an  area  of 
a  little  more  than  1^  square  miles,  in  which  almost  the  whole 
extent  of  it  would  require  mining.     At  an  assumed  average  of 

6  feet  of  workable  ore,  this  area  would  give  somewhere  about 
15,000,000  tons,  but  the  continuity  of  good  ore  is  not  certain.  On 
the  other  hand,  the  bed  may  extend  considerably  farther  eastward 
beyond  the  arbitrary  limit  here  assumed. 

In  many  cases  only  the  lower  part  of  the  lied  is  fit  for  use  as 
an  ironstone.  The  average  thickness  of  the  ironstone  as  proved 
in  four  borings  at  Xettleton  Top  Farm,  south  of  Xettleton,  is 
8  feet  6  inches ;  in  six  outcrop-trials  in  the  same  neighbourhood, 

7  feet  8  inches.4  At  the  Acre  House  Mine  a  thickness  of  14  feet 
for   the   whole   ironstone-bed    contained     on     the    average    only 


1  J.  W.  Judd,   'Additional  Observations  on  the  Neocomian  Strata  of  York- 
shire and  Lincolnshire,'  Quart.  Jowrn.  Geol.  Soc,  vol.  xxvi,  1870,  p.  326. 

2  A.  J.  Jukes-Browne,  '  On  some  recent  Borings  through  the  Lower  Cretaceous 
Strata  of  East  Lincolnshire,'  Quart.  Journ.  Geol.  Soc,  vol.  xlix,  1893,  p.  469. 

3  'Water  Supply  of  Lincolnshire  '(Mem.  Geol.  Surv.),  1904,  pp.  87,  156,  I  So: 
'  Thicknesses  of  Strata  '  (Mem.  Geol.  Surv.),  1916,  plate  facing  p.  90. 

4  From  information  by  the  Appleby  Iron  Co.,  Ltd. 
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CLAXBY    IRONSTONE. 

6  feet  6  inches  of  workable  ore.1     A  boring  GOO  yards  from  the 
outcrop  of  the  ironstone  at  Claxby  gave  the  following  results2  :-- 

Sand,  washed  down  :    superficial  deposit  [?  partly  Oattkme] 
Limestone  [Teal by  Limestone] 

Blue  clay  [Teal by  Clay] 

Grey  rock  mixed  with  ironstone   ... 
Ironstone  } 

(lay  >  [Claxby  Ironstone  Bed]        ...  

Ironstone  J 

Total  thickness  of  ore  8  feet. 

A  boring  recently  made  by  the  Ministry  of  Munitions  (Depart- 
ment for  Development  of  Mineral  Resources)  on  the  north  side 
of  Doning'ton  Station  in  search  of  oil-shale  commenced  in  the 
Lower  Cretaceous,  and  proved  the  following  section,  as  determined 
by  Mr.  J.  Pringle :  — 

Section  of  Bore-hole  near  Donington-on-JJaiu  Station. 

Ft.  Ins. 
Superficial  Deposits     ...     Reddish     soil,     chiefly     composed     of 

weathered  ironshot  marl       ...  ...         0     6 

TealbyClay      Blue  clay  43     6 

Claxby  Ironstone  ...  Pale  brown  ironshot  marl,  shelly  in 
places,  with  small  brightly  polished 
brown  ooliths,  more  or  less  closely 

aggregated      ...  ...         4     0 

(  Sand  (no  cores)  ...         ...         ...         ...       13    0 

Loose  fine-grained  quartz-sand,  some- 
what muddy  towards  bp.se  ...  ...       30     6 

Hard  coarse  quartzose  sand  rock,  slightly 
glauconitic,  with  some  black  phos- 
phatic  grams  ...         ...         ...         ...         0     6 

■^  Loose    fine-grained    quartz-sand,    with 
some    hard    indurated    lumps    near 
base     ...         ...         ...         ...         ...       36    0 

Dark  grey  shelly  calcareous  sandstone, 
full  of  rounded  blackish  phosphatic 
nodules,     and     derived      fossils     in 
I       bottom  layers  ...  ...  ...  10 

Kimmeridge  Clay         ...  ...  — 

Prom  the  Claxby  [ronstone  in  this  bore-hole  a  4-foot  core  was 
drawn,  hut  possibly  the  softer  upper  part  of  the  ironstone-bed 
was  included  in  the  Tealby  Clay,  from  which  no  cores  were 
obtained.  It  is  noteworthy  that  the  thickness  of  Spilsby  Sand- 
stone here  proved  is  unusually  great. 

The  Claxby  Ironstone  consists  of  a  more  or  Lass  close  a<_r_:'  g 
tion  of  ferriferous  ooliths,  usually  with  brightly  polished  sur- 
faces,  brown  in  the  oxidized,  bul  blackish-green  in  the  un- 
weathered  stone,  within  ;i  light-grey  marly  matrix,  which 
weathers  yellowish-brown.  The  upper  part  of  the  Btone  i-  often 
softer  and  more  argillaceous  than  the  lower  and  better  part. 
The  Claxby  ore  is  essentially  a  siliceous  ore  in  its  letter  varid 
as  compared  with  the  Frodingham  and  the  Marlstone  of  Mid 
Lincolnshire.  Its  lime-content  seems  to  depend  anon  the  amount 
and   nature  of  the  matrix,  for  a  rough  chemical   test  of  the  grey 

1  J.  W.  Judd,  op.  supra  cit.,  p  390 
from  the  North  Lincolnshire  Iron  (  "  .  Ltd 
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marly  matrix  from  Donington  showed  a  high  percentage  of  both 
silica  and  lime,  with  a  much  less  amount  of  iron ;  while  separate 
analyses  of  the  matrix  and  the  ooliths  of  the  ore  from  Claxby 
showed  little  lime  in  the  matrix,  and  the  following  composition 
of  the  oolitbs1 :  — 


Silica 

Sesquioxide  of  iron 

[=  Metallic  iron,  about  53-73.] 
Moisture        


Per  cent. 
5-34 
76-76 

16-17 


Tlie  interstitial  matrix  of  variable  composition  constitutes  a 
considerable  part  of  the  bed,  and  the  richness  of  the  ore  is  depen- 
dant upon  the  closeness  with  which  the  ooliths  are  aggregated. 
The  better  and  less  calcareous  varieties  are  regarded  as  suitable 
for  mixing  as  a  siliceous  ore  with  the  highly  calcareous  Froding- 
ham  Ironstone. 


The  following  partial  analyses  show  the  average 
of  the  raw  ore  in  the  neighbourhood  of  Nettleton  and 

1.  Average  of  4  trials  2.  Average  of 

(outcrop)  at  Nettleton  several  trials 

Top  Farm  (sampled  at  Nettleton, 
and  analysed  by  the  and 

Appleby  Iron  Co.,  Claxby. 

Ltd.) 


Iron ,  as  received  . . . 
Iron,  dried  at  100°  C. 

Insoluble,  as  received 

Lime,  as  received 
Moisture    ... 


Per  cent. 
29-60 
36-48 

16-80 

2-51 
18-18 


Per  cent. 

26-63 

31-61 

(  Silica       17-56 

|  Alumina   3-15 

4-45 

16-53 


composition 
Claxby :  — 

3.  Average 

sample 

from  Claxby 

(N.  Lines. 

Iron  Co.) 

Per  cent. 
25-60 
30-10 
18-06 

6-94 

5-71 
14-80 


Kendall  gives  the  following   complete  analysis2:  — 
"  Analysis  of  Claxby  Ironstone  from  Acre  House  Mine. 


Per  cent 

Water  at  212°  Fahr 

5-68 

Water,  combined 

10-48 

Peroxide  of  iron 

52-86 

Oxides  of  Alumina  [sic]  and  Manganese 

6-45 

Lime 

2-00 

Magnesia 

1-57 

Phosphoric  acid 

-24 

Sulphuric  acid  ... 

Trace. 

Carbonic  acid   ... 

2-94 

Insoluble  silicious  matter 

1726 

To 

tal        ...          ...           99-48 

Metallic  iron 

37-00." 

The  Claxby  Ironstone  was  known  to  the  Romans  as  a  source 
of  iron,  as  is  proved  by  the  association  of  iron-slag,  calcined  ore 
and  charcoal  with  Roman  pottery,3  but  all  knowledge  of  it  seems 

1  Analysis  by  M.  Staniland  quoted  in  '  Geologv  of  Lincoln  '  (Mem.  Geol.  Surv.), 
1888,  p.  95. 

2  '  Iron  Ores  of  Great  Britf  in,'  p.  250.  '  The  sample  giving  these  results  was 
in  a  highly  air-dried  condition.'  The  analysis  was  presumably  made  on  an  old 
hand-specimen,  not  on  an  average  sample  of  fresh  ore. 

3  Judd,  op.  supra  cit.,  p.  329. 
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to  bave  been  Losl  in  later  ages.  In  recenl  times  it  lias  been 
worked  on  a  Bmall  scale  al  Eundon,  north  of  Caiator,  and  at 
Tealby.3  At  the  Acre  Eouse  .Mine,  which  began  working  in 
L868,  the  outpul  amounted  in  fourteen  years  to  aboul  390,000 
tons,  and  was  sent,  according  to  Judd,*  to  Leeds  for  mixing 
with  Coal-measure  ['clay-band']  ore.  It  seems  to  have  been 
used  to  some  extent  at  Frodingham3  also.  It  was  carried  by 
private  railway  from  the  mine  l|  miles  to  Holton-le-MooT  Station, 
on  the  Market  Rasen  branch  of  the  M.S.  and  L.  Railway  (now 
G.C.R.). 

The  annual  output  of  Claxby  [ronstone4  from  1868  to  1881, 
since  which  d;ite  thai  ironstone  lias  scarcely  been  worked  at  all, 
was  :  — 

Year.  Output  in  tons.  Year.  Output  in  tons. 

1868  ...  5,000  1875  ...  37,102 

1869  ...  32,500  1876  ...  51,300 

1870  ...  31,500  1877  ...  9,625 

1871  ...  30.000  1878  ...  18.426 

1872  ...  62.653  1879  ...  323 

1873  ...  70.000  1880  ...  27.500 

1874  ...  885  1881  ...  7,378 

The  use  of  this  ore  in  mixture  with  the  Frodingham  ore  has 
been  considered  in  recent  years,  but  expense  of  working  and  trans- 
port has  until  lately  been  regarded  as  prohibitive. 

A  few  attempts  have  been  made,  apparently  without   - 
to  find  profitable  ore  in  this  bed  by  sinking  shafts  in  other  parts 
of  the  district:  one  shaft  was  sunk  on  the  Tealby  Limestone,  near 
Risby  Hall,  another  2^  furlongs  south  of  Otby  on  the  Carstone, 
and  a  third,  not  completed,  on  the  Chalk  east  of  Otby.5 

Roach  Ironstone. 

An  upper  bed  of  so-called  ironstone,  the  '  Roach/  apparently 
always  of  poor  quality,  is  found  above  the  Tealby  Limestone  from 
Normanby-on-the-Wold  south-eastward ;  and  in  the  southern  part 
of  the  Wolds  passes  down  into  a  ferriferous  limestone  at  the  same 
horizon  as  the  Tealby  Limestone.  Above  the  Tealby  Limestone 
the  Roach  consists  oi  sofH  marl  with  numerous  ironstone  ooliths 
and  occasional  hard  bands  of  ironstone-rook.  Levels  were  once 
driven  into  this  a  quarter  oi  a  mile  east-north-easl  ol  Otby.  but 
the  ore  was  stated  not  to  be  worth  extraction/1 

Compact  ferruginous  bands  occur  in  the  Roach  at  Langton  and 
Skendleby,  near  Spilsby,  bui  on  analysis  yielded  a  low  percentage 
of  iron.7 


1  Kendall,  op.  fit.,  p.  2  IS 

'-'  Op.  supra  rit..  p,  :>:>i) 

K    Meade,  'Coal  and  Iron  Industries  oi  Great  Britain,'  l*s-.  p 
1  •  Mineral  Statistics  oi  the  United  Kingdom  '  I  lf<  s  rr.h 

1  Geology  of  Lincoln  '  (Mem  G        S  L888   p  95. 

fi  Op.  cii..  p.  100. 

•  Geology  oi  East  Lincolnshire  '  [Mem.  deal  Smrv.),  1887,  p.  134. 
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Wiltshire.     By  J.  Pringle. 

JURASSIC  ORES. 

West  bury  (One-inch  New  Series  Ordnance  map  281 ;  Old 
Series  Geological,  14;  six-inch  Wilts.  44  N.E.). — The  Westbury 
iron-ore  occurs  at  the  top  of  the  Corallian  rocks.  It  was  first 
worked  about  the  year  1856,  and  the  annual  output  till  1885  varied 
between  5,000  and  105,939  tons.  Since  1885  the  output  has  not 
been  separately  given  in  the  returns,  except  for  the  year  1892, 
when  it  was  70,866  tons. 

The  Corallian  rocks,  as  developed  in  the  neighbourhood,  consist 
of  marly  oolitic  and  pisolitic  limestones,  with  bands  of  brown  and 
blue  sands  and  marls.  Their  uppermost  part  is  formed  by  brown 
and  greenish-brown  oolitic  ironstone.  The  aggregate  thickness  of 
the  Corallian  was  proved  to  be  slightly  over  100  feet  in  a  well 
sunk  at  the  ironworks.1  In  several  of  the  disused  working-faces, 
the  following  details  of  the  uppermost  beds  of  the  series  may  be 
traced :  — 

Ft.  Ins. 
Superficial  deposits  resting  on  a  variable  thickness  of 

Kimmeridge  Clay 1  ft.  to     20     0 

Brown  and  greenish-brown  finely  oolitic  iron-ore  with 
numerous  layers  of  Osfrea  deltoidea  J.  Sow.,  etc.        ...       1     6 

Finely  oolitic  brownish-blue  ironstone,  well-bedded  at  top       3    0 
Shelly  oolitic  ironstone         ...  ...  ...  ...  ...       10 

Finely  oolitic  brownish  -blue  ironstone  with  thin  shelly 

Upper      J      layers  6    0 

Corallian.    |  Light  greenish -grey,  buff,  and  brown  sands  with  seams  of 

clay  4  ft.  to     10     0 

Blue  and  buff  marly  oolitic  and  pisolitic  limestones  with 

layers  of  oolitic  marl  and  clay     ...  ...  10  ft.  to     12     0 

Fine  false-bedded  oolitic  limestone,  buff  at  top  and  bluish 
(     towards  base  ...  '       8  ft.  to     10     0 

The  productive  outcrop  of  the  ironstone  extends  as  a  narrow 
belt  running  N.E.  to  S.W.  for  a  distance  of  about  2\  miles  (see 
Fig.  12,  p.  217),  the  beds  dipping  to  the  S.E.  at  an  angle  of  4°. 
To  the  south  it  disappears  under  the  Gault,  and  to  tiie  north  it  is 
terminated  by  a  fault  which  brings  up  Oxford  Clay.  The  same 
beds  reappear  on  the  north  side  of  the  fault,  about  2  miles  to 
the  N.E.,  and  extend  thence  for  some  miles,  but  the  ironstone, 
though  present  according  to  Mr.  G.  C.  Greenwell,2  is  much 
reduced  in  thickness. 

The  thinning-out  of  the  ore  in  a  north-easterly  direction  has 
also  been  shown  by  borings  which  were  made  to  determine  its 
extension  beneath  the  newer  formations.  The  holes  were  bored  at 
intervals  on  sites  (shown  on  Fig.  12)  approixmately  parallel  to  the 
strike  of  the  Corallian  deposits.  For  the  following  details  we  are 
indebted  to  Mr.  W.  J.  Love. 

At  Dilton  (Borehole  a,  Fig.  12)  the  ore  is  9  feet  thick,  beneath 
a  cover  of  283  feet  of  Gault  and  Kimmeridge  (lay;  at  Dilton 
Marsh,  around  Penleigh,  Eden  Yale,  and  Frogmore  (Boreholes 
b-j),     it     averages     10     feet,     beneath     a     varying    amount    of 

1  Jurassic  Rocks  of  Britain  '  (Mem.  Oeol.  Surv.),  vol.  v,  1895,  p.  111. 

2  G.  C.  Greenwell,  '  On  the  ironstone  of  Wilts,  and  Somerset,'  Proc.  South 
Wales  Inst.,  Eng.,  vol.  i,  1859,  pp.  307—323. 
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Fi<r  12. — Sketch-map  of  the  W'estlmry  District. 
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overlying  beds;  at  Fulling  Bridge  on  the  Heywood  Estate,  and 
near  Dunge  Farm  (Boreholes  k  and  I)  it  swells  out  to 
16  feet  in  thickness,  but  north-east  of  this  point  in  the  trial-holes 
of  Horsecroft  and  Dairy  House  Farms  (Boreholes  ra  and  n), 
it  diminishes  to  3  and  2  feet.  Its  full  extent  in  the  direction 
of  dip  has  not  been  determined,  but  it  is  highly  probable  that  the 
seam  suffers .  attenuation  as  the  distance  from  the  outcrop  is 
increased.  According  to  Blake  and  Hudleston,  "  a  well  sunk  about 
halfway  between  the  town  [Westbury]  and  the  railway  station, 
after  passing  through  about  50  feet  of  Kimmeridge  Clay,  showed 
that  the  ore  had  diminished  to  a  thickness  of  2  feet."1  So  rapid 
an  attenuation  of  the  ore,  however,  is  unlikely,  in  view  of  the 
thickness  proved  in  the  Eden  Vale  borehole. 

In  the  weathered  outcrop  the  ore  is  reddish-brown  and  in  this 
condition  is  known  commercially  as  '  brown  ore,'  but  under  cover 
it  becomes  a  bluish-green  carbonate  with  red  rusty  joints,  and  is 
known  as  'blue  ore/  In  both  conditions  it  is  mainly  composed 
of  small  shining  grains  of  iron  resembling  millet-seed,  densely 
packed  together  in  a  brownish  or  dark  yellowish-green  matrix 
"  Under  the  microscope  the  ironstone,  as  noted  by  Mr.  Teall, 
shows  reddish-brown  oolitic  grains  with  concentric  structure  in 
a  dark  yellowish-green  matrix.  The  matrix  contains  a  large 
number  of  colourless  crystalline  and  detached  grains  of  calcite 
of  fairly  uniform  size,  and  much  smaller  than  the  oolite  grains. 
The  nuclei  of  the  larger  oolite  grains  are  in  many  cases  broken 
fragments  of  other  grains.  The  residue  after  treatment  with 
hydrochloric  acid,  consists  of  siliceous  balls  (soluble  in  a  solu- 
tion of  caustic  potash)  and  of  minute  angular  fragments  of 
oligoclase  and  quartz."2  The  ironstone  is  highly  fossiliferous, 
and  yields  great  quantities  of  shells  belonging  to  large  molluscs, 
such  as  ammonites,  Ostrea,  Lima,  Pecten,  etc.  The  shelly  layers 
are,  however,  rejected.  Hudleston3  has  pointed  out  that  where 
there  is  r.n  abundance  of  large  shells  of  Monomyaria  in  Mesozoic 
ironstone,  "  there  is  often  a  large  charge  of  phosphorus  in  the 
ore,  due  in  part  at  least  to  the  decomposition  of  the  animal  matter 
of  these  molluscs  and  associated  organisms." 

Most  of  the  brown  ore  appears  to  have  been  worked  out  along 
the  outcrop,  but  in  the  Heywood  opening  on  the  S.E.  side  of  Ham 
Lane,  700  yards  S.S.W.  of  Heywood  Church,  a  small  area  showing 
about  11  feet  of  brown  finely  oolitic  ore,  which  had  previously 
escaped  attention,  is  being  quarried.  The  ore  is  drawn  on  rails 
by  a  light  locomotive  to  works  adjoining  the  blast-furnaces,  where 
it  is  dried  on  flat  iron  plates.  It  is  then  screened  and  dispatched 
in  covered  waggons  to  London,  Liverpool,  Birmingham,  Swansea, 
etc.,  where  it  is  used  as  an  oxide  for  gas-purification. 

The  blue  ore  is  well-exposed  in  numerous  old  working-facea, 
but  is  not  worked  at  present.  Owing  to  the  increasing  thickness 
of  cover  in  the  direction  of  dip,  mining  will  have  to  be  resorted 
to  when  the  area  proved  in  the  boreholes  is  worked. 

1  Quart.  Journ.  Geol.  Soc,  vol.  xxxiii,  1877,  p.  284. 

2  '  Jurassic  Rocks  of  Britain  '  (Mem.  Geol.  Surv.).  vol.  v.,  1895.  p.  324. 

3  Proc.  Geol.  Assoc,  vol.  xiii,  1893,  p.  138. 
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The  chemical  composition  of  the  two  kinds  of  ere  has  been 
described  repeatedly.  The  following-  details  of  recent  analyses 
were  kindly  provided  by  the  manager,  Mr.  W.  J.  Love. 


Brown    Ore. 


Peroxide  of  iron  ... 
Protoxide  of  iron... 
Insoluble  siliceous  matter 
Lime 

Magnesia   ... 
Manganous  oxide 
Sulphuric  acid 

(Sulphur  0-265). 
Phosphoric  acid    ... 

(Phosphorus  0481). 
Alumina    ... 
Loss  on  ignition   ... 


Metallic  iron 


Blue  Ore. 


Per  cent. 

42  41 

7-86 

HHIO 

5-90 

213 

•22 

•666 

1-103 

4-70 

19-20 

100-189 

35-78 

Raw. 

Calcined 

Per  cent. 

Per  cent 

42-601 

...     60-90 

1 1  -36 

...     16-31 

0-3U 

...       0  4.3 

0  469 

...       0-67 

5-280 

...       7-60 

1490 

...       214 

7-860 

...     11-27 

30-350 

— 

99-713 

...     99-34 

29-68 

...    42-63 

1-074 

...       1-54 

Peroxide  of  iron 

Silica 

Sulphur.., 

Phosphorus 

Lime 

Magnesia 

Alumina 

Loss  on  calcination 


Metallic  iron... 
Phosphoric  acid 

Vanadium  was  noted  in  an  analysis  made  by  Mr.  E.  Eiley." 
According  to  Kendall,3  "  the  average  specific  gravity  of  the  brown 
ore  is  about  2'5,  of  the  blue  and  green  ore  '2't>,  and  their  respective 
porosities  are  about  25  and  14  per  cent." 

The  reserves  of  brown  ore  in  the  crop-workings  are  small,  but 
the  unworked  area  proved  by  borings  amounts  to  nearly  1.500 
acres.  With  an  average  thickness  of  11  feet,  an  amount  of 
26,000,000  tons  of  reserves  more  or  less  developed  is  estimated, 
with  probable  additional  reserves  amounting  to  22,500,000  tons. 

Stwrminster  Newton  (One-inch  New  Series  Ordnance  map  313; 
( >ld  Series  Geological,  L8;  Bix-inch  Dorset,  L3  N.E.). — Near  Star- 
minster  Newton,  about  22  miles  south  of  Westbury,   Woodward* 

noted  the  following  section   in  a  lane  cutting  near  Hole  leading 
to  Banbury  Common:  — 

Kimmcridge  Clay —  It  Ins. 

Clay  with  a  sandy  layer;   nodular  bed  at  base     ...  ...  3     0 

( 'orattian — 

Ferruginous  beds  like  the  oolitic  iron-ore  of  Abbotsbury 
and  Westbury,  with  a  band  of  blue-hearted  sandy 
limestone       ...  ...  ...  ...  ...  ...  In  t"  15     0 


1  It  would  appear  thai  this  must  include  imuli  protoxide  of  iron. 

'-'  Journ    Chi m.  Soc.,  vol    ii.  1 8»>4.  p,  21. 

:>  "Iron  Ores  of  Great   Britain  and  Ireland."  1873,  p    247. 

'  '  Jurassic  11  tokfl  of  Britain  '  (  M,m   Geol.  Surr).  vol.  v.  1896,  pp.  102-103. 
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He  remarks  that  "the  ferruginous  beds  would  be  worth  opening 
up  more  clearly,  so  that  their  economic  value  might  be  tested. 
The  general  section  in  the  area  compares  well  with  that  of  Abbots- 
bury."  No  trials  appear  to  have  been  made,  and  in  1917  the 
section  was  no  longer  open.  The  Abbotsbury  occurrence  is 
described  on  pp.  221-3. 

LOWER    CRETACEOUS    ORE. 

Seend  (Lower  Greensand). — The  occurrence  of  iron-ore  at 
Seend,  near  Devizes  {see  map,  Fig.  1),  attracted  attention  about 
1855,  and  from  that  time  until  1861,  77,984  tons  of  '  brown 
hematite  '  were  raised.  In  the  ten  years  following  there  was  a 
period  of  inactivity,  but  between  1871  and  1874  a  total  of  86,443 
tons  was  quarried.  From  1874  until  recently,  operations  have 
been  in  abeyance.  The  iron  appears  to  have  been  smelted  on  the 
spot,  and  the  sites  of  the  furnaces  are  still  to  be  seen. 

The  deposit,  which  is  mainly  a  brown  ferruginous  sand,  occurs 
as  an  outlier  of  Lower  Greensand,  slightly  over  a  mile  in  length, 
and  about  580  yards  broad  at  its  greatest  width.  Much  of  it  is 
occupied  by  the  village  of  Seend.  The  beds  are  nearly  horizontal, 
and  rest  unconformably  on  the  Kimmeridge  Clay.  The  ironstone 
occurs  in  layers  of  irregular  thickness,  and  frequently  forms  hard 
dark  brown  crusts  around  patches  of  soft  loosely  coherent  greenish 
quartz-sand,  which  crumbles  away  and  leaves  the  rock  in  a  cellular 
condition.  Vertical  joints  are  numerous  and  the  majority  of 
them  are  filled  with  clay  washed-down  from  the  surface.  Excel- 
lent sections  of  the  ironsand  can  be  seen  at  the  west  end  of  the 
village,  and  along  the  face  of  the  old  workings1  the  following 
particulars  of  the  beds  were  obtained  :  — 

Old  quarries  at  west  end  of  Seend  Village,  920  yards  S.S.E.  of 
Seend  railway  station. 

Avon  Valley  Iron  Co.,  175,  St.  Vincent  Street,  Glasgow. 

One-inch  New  Series  Ordnance  map  281  ;  Old  Series  Geological, 

14  ;  six-inch  map  Wiltshire  33  S.E. 
Latitude  51°  20'  53*.     Longitude  2°  5'  24*. 

Ft.  Ins. 

1.  Crumbly  ferruginous  sand  rock,  ...         ...         ...      3to         50 

2.  Rather   coarse   quartz  -sand   with   ferruginous  matter 

forming  hard  dark-brown  concretionary  crusts  around 

oval  patches  of  more  or  less  incoherent  sand  ...       10     0 

3.  Ironsand  with  platy  structure  like  that  of  upper  bed, 

with  lenticular  cindery  concretions,  about     ...         ...         5    0 

North  of  the  school  disused  quarries,  about  30  feet  deep,  show 
similar  beds  of  ironstone.  The  sands  probably  are  not  more  than 
40  feet  thick,  but  are  nowhere  fully  exposed  to  view.  According 
to  J.  D.  Kendall,2  the  lower  beds,  for  6  feet  above  the  Kimmeridge 
Clay,  are  pebbly  and  poor  in  iron.  The  some  conditions  were 
found  in  a  neighbouring  road-cutting  described  by  W.  Cunning- 
ton,3  where  the  junction  witli  the  Kimmeridge  Clay  w;is  exposed. 

1  This  section  has  been  described  in  '  The  Geology  of  the  Country  south  and 
east  of  Devizes  '  (Mem.  Geol.  Surv.),  1905,  pp.  9-12,  48-49. 

-  '  The  Iron  Ores  of  Great  Britain  and  Ireland,'  1893,  p.  251. 
3  Quart.  Journ.  Geol.  Soc,  vol.  vi,  1850.  p.  453. 
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From  Mr.  Kendall's  description  it  appears  that  only  the  crusty 
partings  were  used  as  iron-ore.  No  analysis  of  the  average  run 
of  the  ore  as  worked  is  available,  but  he  gives  (on  p.  251)  the 
following  analysis  of  "a  piece  of  the  orev  pari  of  the  deposit" 
by  E.  Riley  :  — 

Per  cent. 
Peroxide  of  iron  ...         ...         ...         ...         ...         64-61 

Silica  18-02 

Alumina    ... 

Lime  0-64 

Magnesia  ...         ...         ...         ...         ...         ...  0*20 

Phosphoric  acid   ...         ...         ...         ...         ...  0-64 

Water        11-85 


99-81 

Metallic  iron -45-22 

The  average  specific  gravity  of  the  orey  part  of  the  bed  is  about  2*5,  and  its 
porosity  varies  from  13  to  22  per  cent. 

The  following  analysis,  made  by  the  Ebbw  Vale  Company,  has 
been  recently  published1;  it  is  not  stated,  however,  whether  it  is 
a  bulk  analysis  or  that  of  a  selected  portion  of  the  rock. 

Per  cent. 

Iron  ...  ...  ...  ...  ...  ...  37-6 

Silica  27-0 

Alumina    ...  ...  ...  ...  ...  ...  5-9 

Lime  ...         ...         ...         ...         ...         ...  0-8 

Magnesia 1-0 

Phosphorus  ...         ...         ...         ...         ...  0-25 

Sulphur 0-01 

In  estimating  the  reserves  of  ore  at  Seend,  the  area  covered 
is  taken  as  179  acres  of  which  about  64  acres  are  occupied  by  the 
village.  The  average  thickness  is  estimated  to  be  20  feet,  and 
the  yield  as  2,500  tons  per  foot  per  acre.  On  these  figures  the 
probable  available  reserve  is  calculated  to  be  5,500,000  tons. 

Dorset.     By  J.  Prixgle. 

JURASSIC  ORES. 

AbboUbury  (One-inch  Xew  Series  Ordnance  maps,  341,  3'2?  : 
New  Series  Geological,  341  and  Old  Series,  17). — The  occurrence 
(it  oolitic  iron-ore  at  A.bbotsbnry  in  Dorset  attracted  the  attention 
of  Sedgwick,5  and  lias  been  subsequently  described  by  many  geo- 
logists.3 The  ore,  however,  lias  been  little  worked,  owing  no  doubt 
tn  the  high  percentage  of  silica  it  contains. 

1  'Report  on  the  resources  and  production  of  iron-ores  and  other  principal 
metalliferous  ores  used  in  the  iron  and  steel  industry  of  the  L'nited  Kingdom.' 
I>,  i*irt.  of  Set*  ntific  and  Industrial  Research,  London,  1917,  p.  2.'? 

2  A.  Sedgwick      Ann.  Phil.,  vol.  xxvii  (Ser.  2.  vol.  xi),  1826,  p.  350. 

A.COOUnta  of  the  sections  Will  be  found  in  the  following  publications- — 
J.  F.  Blake  and  W  EL  Hudleston,  'The  Ooralhan  Rocks  of  England.'  Quart. 
.Iturii.  Qeol,  Soc.,  vol.  xxxiii.  1  ST7.  pp.  27:?-27.~>.  R.  Damon,  '  < ieology  of  Wey- 
mouth." 1  SS4.  '  Jurassic  Rooks  oi  Britain1  (J Ifem  ChaiL  Sun-.),  vol  v.  1895, 
pp.  94,  323-325.  'Geology of  the  Isle  of  Purbeck  and  Weymouth,1  ib., 
pp.  :i7Hl0. 

Vol,  xii.  p 
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The  ferruginous  bed  averages  about  20  feet  in  thickness  and 
extends  for  a  distance  of  several  miles  along  the  outcrop,  but  tne 
rich  part  is  confined  to  a  synclinal  area,  in  which.  Abbotsbury  is 
situated.  In  approaching  the  village  "  the  presence  of  iron-ore 
is  first  suggested  by  the  deep-red  colour  of  the  grit  north  of  Itodden 
and  at  El  worth.  On  the  north  side  of  Linton  Hill  ore  was  found 
containing  32-36  per  cent,  of  metallic  iron,  and  from  this  point  it 
may  be  traced  continuously  under  the  Abbey,  up  Seaway  Lane, 
along  the  north  side  of  Stavordale  Wood  to  Fuller's  Way,  north 
of  the  Castle  Gardens ;  here  it  is  well  exposed.  .  .  .  Thence  it 
may  be  followed  northwards  up  to  the  fault,  by  which  it  is 
thrown  against  Forest  Marble."1  North  of  the  village  the  ore  is 
definitely  limited  by  the  fault  mentioned,  but  eastwards  it  passes 
under  Kimmeridge  Clay,  and  its  extent  is  not  known ;  south  of 
the  village  a  ferruginous  character  in  the  same  bed  is  noticeable, 
but  ore  that  would  be  worth  working  is  unlikely  to  extend  bevond 
St.  Peter's  Abbey. 

The  deposit  mainly  consists  of  loose,  crumbly,  reddish-brown 
oolitic  iron-ore  with  a  hard  bed  of  sandstone  near  the  base ;  the 
mass  is  traversed  by  numerous  thin  irregular  seams  of  con- 
cretionary iron.  The  pellets  or  granules  of  ore  are  bright  and 
shining,  and  lie  closely  packed  in  a  matrix  of  fine  quartz-sand. 
According  to  Blake  and  Hudleston,2  "  the  granules,  when  broken, 
are  seen  to  consist  of  a  brown  exterior  shell,  which  is  largely,  but 
not  wholly,  composed  of  ferric  hydrate,  and  of  an  interior  filled 
with  a  buff-coloured  powder  much  poorer  in  iron.  .  .  .  After 
treatment  with  acid  there  remains  a  residue  presenting  a  sphere 
on  sphere  structure,  hollow  within,  and  composed  of  a  uniform 
subcrystalline  material,  the  greater  part  being-  silica."  Below 
the  main  bed,  the  rocks  contain  iron-ore  in  the  form  of  pellets, 
but  are  less  rich.  In  appearance  the  main  seam  closely  resembles 
the  iron-ore  worked  at  Westbury  (see  p.  216),  but  it  is  shown  by 
its  fossils  to  correspond  with  beds  classed  elsewhere  as  part  of  the 
Kimmeridge  Clay.  Most  of  the  fossils  occur  in  the  form  of  brown 
earthy  casts. 

Numerous  exposures  can  be  found  in  the  lanes  on  the  nnr'h 
and  south  sides  of  the  village,  but  the  best  now  available  is  th^t 
seen  in  the  sides  of  the  lane  leading  from  Abbotsbury  to  Gorwell 
Gate :  — 

Ft.  Ins. 

Yellowish-brown  ferruginous  sand,  veined  by  thin  irregular 

seams  of  iron        ...  ...  ...  ...  ...     6  ft.  to         8    0 

Crumbling  reddish-brown  rock,  full  of  shining  pellets  of 
ore  in  a  matrix  of  fine  quartz-sand .  A  liard  bed  of  sand- 
stone occurs  near  the  base.  Beds  traversed  by  numerous 
long  thin  seams  of  concretionary  iron,  about... 

Dark  brown  coarse  sandrock  with  ferruginous  pellets     ... 

Soft  yellow-weathering  sand 

Dark  brownish -green  ferruginous  sandrock 

Soft  yellowish-brown  sandstone  with  hard  bands,  about... 


20 

0 

2 

6 

2 

it 

1 

0 

10 

0 

i  '  Geology  of  the  Isle  of  Purbeck  and  Weymouth  '  (Mem.  Oeol.  Sum.),  1S98. 
p.  3S. 

2  Quart.  Journ.  Oeol.  Soc,  vol.  xxxiii,  1877,  p.  274. 
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The  available  analyses  do  not  suffice  to  show  the  average  com- 
position of  the  ore,  but  the  iron-content  is  likely  to  be  not  less  than 
30  per  cent.  An  old  analysis  (1860)  of  a  specimen  from  the  road- 
cutting  in  the  Fuller's  Way,  north  of  the  Castle  Gardens,  reads 
as  follows1  :  — 

"  Sesquioxide  of  iron              43*97 

Silica            42-60 

Magnesia       ...          ...         ...          ...          ...         ...  J  --40 

Lime Trace. 

Common  salt            ...         ...         ...         ...         ...  >. 

Water            11-88 


99-85  " 
'  This  is  equivalent  to  about  34-35  per  cent,  of  iron  in  the  calcined  ore." 

The  following  analysis  of  the  granules  apart  from  the  matrix  is 
given  by  Blake  and  Hudleston2  :  — 

Per  cent. 

Moisture        1-21 

Con stitutional  water  ...         ...         ...         ...       11-29 

Ferric  oxide ...         ...         ...         ...         ...         ...       73-57 

Alumina  and  soluble  silica...  ...  ...  ...         4-17 

Lime...         ...         ...         ...         ...         ...         ...         1-60 

Magnesia       ...  ...         1-41 

Insoluble  in  HC1       ...  ...  ...  ...  ...         5-53 

Organic  matter,  carbonic  acid  and  loss   ...         ...         1-22 

Phosphoric  acid       Trace. 

The  area  occupied  by  the  ore,  apart  from  its  unproved  extension 
beneath  Kimmeridge  Clay,  is  about  256  acres,  60  of  which  are 
occupied  by  the  village  of  Abbotsbury.  The  average  thickness  of 
ore  in  this  area  is  estimated  at  20  feet,  and  the  probable  contents 
of  this  ironfield  are  calculated  to  amount  to  11,500,000  tons. 

Kent.     By  G.  W.  Lamplugh. 

JURASSIC  ORES  PROVED  IN  DEEP  BORINGS. 

Upper  Cor allian. — In  boring  and  sinking  operations  in  connec- 
tion with  the  development  of  the  deep-seated  coal-field  in  East 
Kent,  ferruginous  strata  have  been  found  at  three  or  four  separate 
horizons  in  the  Jurassic  rocks,  and  in  one  case  at  least  the  ore 
is  sufficient  in  quantity  and  quality  to  be  of  economic  value. 
The  particular  bed  referred  to  occurs  in  the  upper  part  of  the 
Cm  allian  series,  nearly  at  the  same  horizon  as  the  ore  of  West- 
bury.  Wilts  [see  p.  216)  which  it  also  resembles  in  structure  and 
chemical  composition.  Ti  is  best  developed  in  the  neighbourhood 
of  Dover,  and  was  passed  through  in  the  shafts  of  the  colliery, 
west  of  Shakespeare's  Cliff,  which  gave  the  following  section 
through  the  series3  :  — 

1  'Geology   of    the  Tsle  of    Purbeek  and  Weymouth'   {Mem.   Geol.    Surv.). 
L.89S   p.  40. 

-  Quart.  Journ.  Gfol.  Sor..   VOL  xxxiii.   1S77.  p.  276. 
I •"■•!•  full  details  of  the  whole  of  the  Jurassic  section,  M6  'On  the  MflSOBOk 
Hecks  in  some  of  the  Coal  Explorations  in  Kent '  [Mi  m.  QtdL  Swrv.),  1911,  Chap.  II. 

Vol.  xii.  r  9 
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Dover  Colliery  section,  to  base  of  Corallian. 
Surface  at  44  feet  above  H.W.M. 


Thickness.  Depth. 


Chalk,  etc.,  and  Gault 

Lower  Greensand  and  Wealden 

Kimmeridge  Clay    ... 


Upper 
Corallian. 


f  Oolitic  limestone 
Calcareous  claystone,  clayey    oolitic    lime- 
stone, muddy  grit,  etc. 
Grey    and     brown     clay,    sprinkled     and 

streaked  with  '  ironshot '  grains  ... 
Iron- ore  bed  :    shining  brown  globules  of 
iron  thickly  crowded  in  a  loamy  matrix, 
with  some  claystone  concretions 
<j  Hard  concretionary  rock-band. with  globules 
and    worn    fragments    of    iron-ore    and 
quartz-grit,  etc. 
Sandy  clay,  with  glauconite,  etc.    ... 
I  Laminated  clayey  sand-rock 
|  Calcareous     claystone-bands,    with     thick 

partings  of  sandy  clay 
I  Blue  and  grey  clay  with  shelly  and  silty 
I     layers  


Ft. 

Ft. 

301 

301 

215 

516 

44 

560 

Ft. 

8  1 

16 


0i 

1 
12 
26 


656 


J 


Corallian  Limestones 

Lower  Corallian  (clays,  claystones,  marlstones,  etc.,  sparingly 
'  ironshot '  in  places) 


126 


782 
870 


An  average  analysis1  of  15  feet  of  the  ore-bed  in  the  above 
section  from  samples  taken  foot  by  foot,  showed  :  — in  the  raw 
ore  :  — water,  10-16  per  cent. ;  metallic  iron,  32' 94  per  cent. ;  silica, 
14-96  per  cent. ;  and  in  dried  ore :  — lime,  8'91  per  cent.  It  is 
noteworthy  that  although  the  bed  is  so  deeply  buried  and  cannot 
have  been  exposed  to  atmospheric  weathering  at  any  time  since 
its  deposition,  most  of  the  iron  that  it  contains  is  in  the  fully 
oxidized  or  ferric  condition,  and  is,  in  fact,  a  dimonite. 

Borings  have  proved  that  the  ore-body  tends  to  deteriorate,  both 
in  thickness  and  quality,  in  its  landward  extension  from  Dover. 
At  Farthlingloe,  about  a  mile  north  of  the  Dover  shafts,  it  was 
found  to  have  nearly  the  same  thickness  as  in  the  above  section ; 
but  at  Abbotscliff,  2  miles  W.S.W.  of  the  shafts,  it  was 
diminished  to  about  8  feet;  and  at  Folkestone,  4  miles  W.S.W. 
of  the  shafts,  it  had  degenerated  into  a  5-ft.  band  of  brownish 
marlstone  sprinkled  with  iron-ore  globules  and  lumps.  Inland, 
at  Lower  Standen,  3|  miles  W.  of  Dover,  it  was  represented 
only  by  streaks  of  '  millet-seed  '  ore,  a  few  inches  thick,  among 
brown  marly  clay;  and  at  Elham,  1\  miles  W.N.W.  of  Dover, 
it  appears  to  have  thinned  out  entirely,  though  at  Brabourne, 
14  miles  W.  of  Dover,  it  is  again  represented  by  a  ferruginous 
'  millet-seed  '  band,  3  feet  thick.2 

In  the  promising  area  around  Dover  the  ore  is  rendered  acces- 
sible by  the  colliery  shafts.  The  tract  in  which  it  is  considered 
of  workable  value  is  estimated  to  cover  about  6  square  miles,  with 
an  average  thickness  of  9  feet  of  good  ore.  This  represents 
approximately  one  hundred  million  tons  of  ore. 

1  We  are  indebted  to  Mr.  E.  O.  Forster  Brown  for  analyses  and  much  other 
information  respecting  the  ore- bed. 
*  See  memoir  supra  cit.,  p.  42. 
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An   analysis   of  the   ore   from   one   of  the   boreholes  gave   the 

following  results :  — 

Per  cent. 

Moisture  in  raw  stone 9-63 

Dry  Ore.  Per  cent. 

'V-V3 3J'!i     J  =  Iron  ...  32-20 

1-eO      606     ) 

SiO.     13-77 

AlaOs 

M11O -167      =  Manganese...              -129 

CaO      11-18 

MgO 2-92 

P204 -917      =  Phosphorus  .              -401 

S     ° -055 

AsA *-010      =  Arsenic       ...              -007 

<J02,  H,0,  etc.            20-13 

9U-189 
Loss  on  calcining         19-40 

Kellaways  Rock. — Several  of  the  Kentish  borings  passed 
through  a  lower  ferruginous  deposit,  at  first  confused  with  the 
Corallian  horizon,  but  which  really  belongs  to  the  Kellaways 
Rock  [see  Table,  p.  4),  350  to  500  feet  lower  in  the  strati- 
graphical  sequence.  This  subdivision  proved  to  be  of  very  vari- 
able composition,  generally  including  much  sand  or  sandstone 
and  some  clay,  but  usually  with  some  ferruginous  bands.  In  the 
southern  part  of  its  underground  range  the  deposit  contains  only 
a  negligible  quantity  of  iron,  but  towards  its  northern  limits,  in 
a  belt  traversed  by  the  railway  from  Dover  to  Canterbury,  it  is 
richer  and  may  locally  contain  beds  of  ore-quality.  Its  possible 
value  as  an  ore,  however,  does  not  appear  yet  to  have  been  tested, 
and  the  abundant  admixture  of  glauconite  and  sandy  matter 
which  it  generally  contains  may  prevent  its  use.  The  iron  occurs 
mainly  in  the  oolitic  form  as  in  the  Corallian  ore,  the  brown 
grains  or  globules  being  set,  in  varying  abundance,  in  a  marly 
matrix.  In  a  boring  at  Fredville,  8  miles  X.W.  of  Dover,  two 
ferruginous  beds  in  the  Kellaways  Bock  had  each  a  thickness  of 
about  14  feet  ;  and  at  Chilton.  3  miles  X.W.  of  Dover,  two  similar 
bands  measured  respectively  7  feet  and  G  feet.  Similar  bed-  <'f 
Less  thickness  were  observed  in  borings  at  AAaydensole  *nd  Bere 
Farm,  while  in  some  other  borings  the  presence  of  the  beds  was 
indicated;  bnt  the  evidence  as  in  their  quality  and  thickness  was 
indefinite.  The  underground  range  of  the  formation  is  shown  in 
'Summary  of!  Progress  t'«n    1916,'  Mem.  Geol.  Sun-.,  p.  48. 

Mr.  E.  D.  Forster  Brown  informs  us  that  the  average  analysis 
of  a  5-t't.  band  passed  through  in  the  Here  Farm  boring  was 
SS   follows  :       in    fche  dry  ore:-    iron.   21*10   per  rent.;  lime.    17-00 

per  cent.:  silica,  L4a96  per  cent.;  sulphur,  0*87;  in  fche  calcined 

ore  :  -  iron.  'JtilMI  per  renl .  ;  silica,  HMO  per  cent.  ;  los<  on  calcina- 
tion, 21*75  per  cent.;  moisture,  8*4  per  cent.;  sp.  gravity  of  ore, 
al  out  2*88.  The  sandy  beds  of  the  Kellaways  Rock  below  the 
ironstone  band  were  found  to  contain  from  14  to  If)  per  cent,  of 
iron. 

We  are  also  indebted  to  Mr.  E.  0.  Forster  Brown  for  the  follow- 
ing pai  ticulars  of  an  analysis  of  a  piece  of  core  from  the  Kellaways 
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ironstone  in  the  Fredville  boring",  collected  by  the  Geological 
Survey.  The  specimen  represented  the  most  ferruginous-looking 
part  of  the  band,  and  is  likely  to  be  considerably  above  the 
average : — 

Stone  dried  at  100°  C. 

Per  cent.  Per  cent. 

35-6 


•503 


Other  ferruginous  bands  were  noticed  among  the  Lower  Coral- 
lian  rocks  in  most  of  the  borings  which  passed  through  this  sub- 
division, as  at  Brabourne  j1  and  in  Liassic  strata  at  Brabourne2 
and  Elhani;  but  all  were  too  thin  or  poor  to  possess  value. 

Sussex  and  Kent.     By  G.  W.  Lamplugh. 

WEALDEN  IRON  ORE.3 

There  is  evidence  that  the  extraction  of  iron  from  the  Wealden 
ironstone  was  carried  on  at  several  places  in  the  Weald  by  the 
Romans,  and  may  have  begun  in  pre-Koman  times.  The  industry 
seems  later  to  have  fallen  into  abeyance,  as  there  is  no  mention  of 
ironworks  in  Sussex  in  Domesday  iiook.  The  earliest  known  docu- 
mentary evidence  with  regard  to  it  dates  back  to  1266,  and  after- 
wards occurs  with  increasing  frequency  up  to  the  beginning  of 
the  19th  century.  The  industry  appears  to  have  reached  its 
greatest  productiveness  during  the  17th  century,  and  to  have 
declined  rapidly  during  the  18th.  The  last  nicker  of  its  activity 
was  the  Ashburnham  furnace  in  Sussex,  which  was  in  use  until 
1828.  The  decline  is  stated  to  have  been  due  to  the  scarcity  of 
fuel,  not  to  the  want  of  ore ;  and  the  final  blow  was  given  to  the 
Wealden  iron-trade  by  the  introduction  of  pit-coal  in  the  northern 
counties  as  a  smelting  fuel. 

The  ore  most  commonly  used  was  the  clay-ironstone  occurring 
in  nodules  and  thin  beds  in  the  lower  part  of  the  Wadhurst  Clay, 
probably  with  the  admixture  of  shelly  calcareous  ironstone  from  a 
slightly  lower  stratum.  Traces  of  the  old  workings  are  numerous 
along  the  outcrop  of  this  belt  in  East  Sussex  and  Kent,  but  the 
ironstones  dwindle  westward,  and  are  scantily  represented  in  West 

1  5ec  memoir  supra  cit.,  p.  46. 

2  Ibid.,  p.  50. 

3  The  Geological  Survey  memoir  on  "The  Geology  of  the  Weald'  (1875) 
contains  a  chapter  (xix.,  pp.  329-346)  on  the  Ironworks  of  the  Weald,  giving 
many  particulars  of  their  history,  etc.,  from  which  the  present  account  is 
abstracted.  Some  farther  information  with  analyses  is  contained  in  a  'Report 
...  on  the  Prospects  of  Iron  Mining  and  Smelting  in  the  neighbourhood  of 
Sheffield  Park,  Sussex,'  by  Prof.  J.  W.  Gregory  (privately  printed,  Brighton,  1908). 
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Sussex.  On  the  Geological  Survey  One-inch  map,  Sheet  5,  Old 
Series  (published  1864),  which  covers  the  principal  iron-district 
'.I  the  Weald,  the  spots  where  ironstone  was  observed  are  marked 
by  a  special  symbol.  These  places  are  mainly  in  the  neighbour- 
hood of  Buxted,  May  field,  Wadhurst,  Burwash,  and  Waldron. 

The  ore  was  got  by  sinking  shallow  bell-pits  near  the  outcrop. 
Several  distinct  stone-belts,  mostly  of  nodules  ('balls'),  were 
recognised  and  named  by  the  miners,  but  evidently  showed  much 
irregularity.  There  is  no  likelihood  thai  the  beds  could  be  profit- 
ably worked  under  modern  conditions.  Few  particulars  as  to  the 
quality  of  the  worked  ore  are  on  record,  but  thai  from  A-hburn- 
ham  is  stated  to  have  contained  35  per  cent,  of  iron,  or  about  the 
average  percentage  of  the  clay-ironstone  of  the  Coal  Measures. 

A  more  recent  attempt  to  re-work  these  ores  by  mining  was 
made  in  the  middle  of  last  century  at  Snape  "Wood  near  Wad- 
hurst, the  ironstone  at  this  place  occurring  in  the  Ashdown  Sand, 
slightly  below  the  Wadhurst  Clay.  The  work  was  carried  on  for 
about  a  year  (1857-1858),  the  ore  being  sent  into  Staffordshire. 
The  ironstone  was  mined  by  levels  and  cross-cuts  on  both  sides 
of  the  railway;  on  the  north  side,  only  one  bed,  21  inches  thick, 
was  worked,  and  on  the  south  side,  two  beds,  of  which  the  upper 
was  in  places  2  feet  thick.  The  beds  were  irregular,  thinning  out 
at  intervals.  With  reference  to  this  working  Prof.  J.  W.  Gregory 
remarks  (in  the  'Report'  above-cited): — "The  ore  contains  only 
some  30  per  cent,  of  iron,  and  the  analysis  [reprinted  below]  renders 
it  easy  to  understand  the  failure  of  the  attempt  to  mine  the  Snape- 
wood  deposit.  From  what  could  be  seen  on  the  surface,  it  is  pro- 
bable that  the  quantity  of  the  ore  was  also  too  small  for  success." 
The  analysis  referred  to,  and  that  of  another  sample  of  clay-iron- 
stone  from  near  Ashburnham,  are  here  reprinted  from  Prof. 
Gregory's  Report,  where  they  are  accompanied  by  other  analyses 
of  the  old  furnace-slags,  etc. 

Analyses  by  Messrs.  R.  R.  Tatlock  d-  Thomson.  156.  Bath  Street.  Glasgow.  Jan.  15th, 

1908.  for  Prof.  J.  W.  Gregory. 

( lay  Ironstone, 

I  lay  Ironstone.  (.itford's  Farm, 

Snape  Wood.  near  Ashbumham. 
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"It  will  be  understood  that  the  iron  monoxide  and  the  manganese,  calcium 
and  11  'Hgnesium  oxiiies  .  .  .  are  combined  with  carbonic  anhydride,  to  form 
carbonate 
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LOWER  GREENSAND. 

Ferruginous  sands  are  of  common  occurrence  in  the  Lower 
Greensand  of  the  south-eastern  counties,  but  tneir  iron-content  ih 
not  high  enough  to  have  brought  them  into  use  as  ores.  Mucn  uf 
the  iron  is  contained  originally  in  the  grains  of  the  green  mineral, 
glauconite,  which  is  readily  decomposed,  by  weathering,  so  that 
the  rocks  containing  it  generally  become  rusty  or  ochreous  at  and 
for  some  distance  below  the  surface.  The  iron  set  free  is  often 
partly  segregated  into  thin  streaks  and  veins  of  hard  '  ironstone,' 
but  this  material,  though  frequently  conspicuous  at  the  surface, 
is  generally  too  deficient  both  in  quantity  and  quality  to  be  o'f 
value.  It  appears  to  have  been  occasionally  set  aside  and 
marketed  where  the  containing  sands  have  been  dug  for  other 
purposes.  Thus>  in  '  Mineral  Statistics  '  for  1857,  it  is  stated  that 
"from  Leighton  Buzzard  and  its  neighbourhood  [where  the  sands 
have  long  been  extensively  dug]  there  appears  to  have  been  raised 
about  2,000  tons  of  Iron  Ore  "  [during  the  year?] 

In  a  few  places  the  sands  also  contain  iron  in  the  form  of  separate 
granules  and  flakes  of  iron-oxide,  scattered  among  the  particles 
of  quartz  and  other  minerals  that  make  up  the  bulk  of  the  sand. 
In  such  cases,  if  the  iron-grains  could  be  separated  from  the  rest, 
a  useful  ore  might  be  obtained,  but  we  are  not  aware  that  any 
process  of  this  kind  has  yet  been  applied  to  these  deposits.  The 
ironsands  of  Kirby  Underdale  (p.  208)  and  Seend  (p.  220)  are  of 
this  type. 

Another  example  occurs  near  Midhurst  in  Sussex,  and  was  men- 
tioned in  tbe  '  Geology  of  the  Weald  '  (Mem.  Geol.  Surv.,  1875,  p. 
136)  in  the  following  terms  : — "  The  dark-grained  sand  seen  in  the 
cutting  at  Petersfield  is  very  peculiar.  It  occurs  toward  the  lower 
part  of  the  Sandgate  Beds  for  some  miles  to  the  east  and  may  be 
well  seen  in  the  railway  cuttings  south  and  south-west  of  Selham. 
It  appears  to  be  made  up  in  great  part  of  grains  of  ironstone.  It 
occurs  over  the  northern  part  of  Cowdray  Park,  and  can  be  seen 
along  the  road  to  Halfway  Bridge ;  sometimes,  as  in  the  railway 
cutting  just  noticed,  it  consists  chiefly  of  iron-grains,  sometimes 
with  these  grains  disseminated  through  a  lighter  sand."  A  further 
description  of  the  deposit  as  it  occurs  east  of  Midhurst  is  given  in 
a  later  memoir,  '  The  Geology  of  the  Country  near  Chichester  ' 
(1903,  p.  11). 

This  ironsand  varies  greatly,  from  place  to  place,  in  thickness 
and  in  the  proportion  of  its  iron-grains.  It  has  been  observed  at 
intervals  all  round  the  western  limits  of  the  Weald,  from  the 
neighbourhood  of  Langley  to  Sheet  and  Petersfield,  and  thence 
to  Midhurst;  but  its  maximum  thickness  in  this  tract  may  be  noi 
more  than  8  feet.  East  of  Midhurst  it  expands,  and  may  be  traced 
for  three  miles  to  a  little  beyond  Selham,  but  then  disappears, 
being  last  seen  in  this  direction  below  Barnett's  Mill.  Its  out- 
crop covers  most  of  Cowdray  Park  and  has  an  area,  east  of  Mid- 
hurst, of  over  3  square  miles.  The  thickness  of  the  deposit  in 
Hi  is  area  appears  to  be  usually  not  less  than  15  feet,  and  is  much 
more  in  places,  being  over  30  feet  in  the  railway  cutting  nea* 
Selham    Station.      The    proportion  of  iron-grains  in  the  sand  is 
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highest  in  the  sout  ho  ii  portion  of  the  outcrop.  A  -ample  collected 
In  t lie  Geological  Survey  in  1000  from  an  exposure  in  the  south 
hank  of  the  River  Bother,  at  King  John's  "Walk  on  the  eastern 
outskirts  of  Midhurst,  yielded  on  analysis: — iron  23  per  cent., 
and  insoluble  matter  56-3  per  cent. 

We  are  indebted  to  Mr.  E.  0.  Forster  Brown  for  the  following 
analysis  of  another  simple  which  he  took  from  an  exposure  north 
of  the  river  at  the  east  side  of  Cowdray  Park: — Iron  (metallic) 
1G  per  cent.;  insoluble  gangue  TO  per  cent.  :  oxygen,  and  soluble 
in  acid,  and  H»0  14  per  cent.;  phosphorus,  traces. 

We  are  also  informed  by  Mr.  Forster  Brown  that  tests  of  other 
parts  of  the  northerly  outcrop  gave  still  poorer*  results.  If  the 
material  should  ever  prove  to  be  of  economic  value,  it  may  be 
estimated  that  about  75,000,000  tons  will  be  available  in  the 
exposed  outcrop. 

A  similar  sand  with  iron  grains  is  mentioned  in  the  "Weald 
memoir  (Mem.  Geol.  Survey,  1875,  pp.  134,  337)  as  occurring 
near  Albury  in  Surrey. 

Hampshire  and  Kent.     By  G.  W.  Lamplugh. 

TERTIARY. 

The  only  part  of  England  in  which  iron-ore  has  been  obtained 
from  Tertiary  strata  in  modern  times  is  the  Hampshire  coast, 
where  an  ore  was  extracted  rather  extensively  from  the  Brackle- 
shani  beds  of  Eocene  age  at  Hengistbury  Head  near  Bourne- 
mouth, and,  on  a  smaller  scale,  from  somewhat  newer  (Oligocene) 
beds  on  the  north-western  shore  of  the  Isle  of  Wight. 

The  Hengistbury  ore  is  found  in  the  form  of  Targe  tabular  con- 
cretions which  occur  in  regular  courses  and  range  up  to  12  feet 
or  so  in  diameter.  They  have  a  reddish-brown  exterior,  but  are 
grey  within,  and  are  made  up  of  minute  granules  of  iron  car- 
bonate (partly  oxidised  at  the  surface),  mingled  with  fine  angular 
quartz-particles,  and  generally  including  streaks  and  specks  of 
lignite. 

"  Between  1847  and  18G5  this  concretionary  iron-ore 
was  quarried  on  the  northern  and  western  sides  of  the  head- 
land, and  also  collected  from  the  shore  and  the  neighbouring 
reefs.  The  concretions,  which  contain  about  30  per  cent,  of  iron, 
were  broken  to  a  convenient  size  and  Bhioped  to  South  Wales  and 
Staffordshire  for  smelting.1  The  profit  on  the  quarried  ore  must 
have  been  meagre,  for  tin1  extraction  of  the  Widely-spaced  con- 
net  ions  entailed  the  removal  of  a  disproportionately  luge 
amount  of  the  surrounding  clay,  besides  an  overburden  of  sand 
and  gravel;  and  work  on  the  reels  had,  it  is  said,  to  be  stooped 
on  account  of  the  resulting  increase  in  the  rate  of  COasi  ero-ion."-' 

1  A.  Tvler.  '  On  the  Ooouxrenoe  of  Productive  Iran  Ore  in  .  .  .  Hampshire  ' 
Quart.  Joum.  Qeoi  Soe.,  vol.  vi.  I860,  pp.  L33,  L34,  and  Q.  H  West,  Brii  A 
Report  for  1886,  p.  427. 

Dlogy    "f   the   Country    around    Bournemouth."   2nd    ed. 
Sum.),  1017.  "p.  71. 
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The  annual  volumes  of  '  Mineral  Statistics  '  (Mems.  Geol. 
Sura.)  for  the  years  from  1856  to  1865  inclusive,  give  a  continuous 
output  of  ore  from  Hengistbury,  aggregating  52,100  tons.  The 
biggest  annual  output  during  these  years  was  13,000  tons  for  1856, 
and  the  smallest,  1,400  tons  for  1863. 

In  the  same  volumes  there  are,  likewise,  returns  of  a  few  hun- 
dred tons  of  iron-ore  annually  from  the  Isle  of  Wight,  for  the  years 
1858  to  1862  and  1864-5,  aggregating  6,264  tons,  with  a  maximum 
of  1,803  tons  in  1859.  A  foot-note  in  the  volume  for  1863  (when 
no  tonnage  is  given)  states:  "  The  Isle  of  Wight  Iron  Ores  are 
obtained  principally  by  dredging  around  the  coast."  In  the 
Geological  Survey  memoir,  '  The  Geology  of  the  Isle  of  Wight  ' 
(2nd  ed.,  1889,  p.  252),  it  is  mentioned  that  "  the  clay  ironstone, 
which  is  found  in  considerable  quantities  lying  loose  upon  the 
shore  at  the  foot  of  the  cliffs  between  Yarmouth  and  Hamstead 
ledge,  was  collected  on  the  beach  and  sent  to  Swansea,  to  be 
smelted  into  iron." 

A  ferruginous  bed  at  or  near  the  base  of  the  Oldhaven  Beds, 
near  Canterbury,  is  described  in  the  memoir  on  '  The  Geology 
of  the  London  Basin,'1  and  is  believed  to  have  been  used  as  an  ore 
in  past  times. 

1  '  Memoirs  of  the  Geological  Survey,'  vol.  iv,  1872,  pp.  266-270. 
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Abbokbury   ore,    4,    6,    7,    221-223; 

analyses,  223  ;   reserves,  223. 
Abbotscliff,  224. 

Acre  House  Mine,  211-212,  214-215. 
Adderbury,  120,  122,  124;    workings, 

137-138. 
Addington,  151. 

Great,  151,1 56. 

Little,  145,  156,  201. 

Albury,  229. 
Alford,212. 

Ammonites,  76,  99, 109, 144  ;  zones  of, 
Bucklandi,      71  ;       Jurensis,      144 
Murchisonse,    144 ;     Opalinus,    144 
Semicostatus,     71-72;      76;      99 
Torulosus,  144. 
Analyses,  Chemical : — 

Abbotsbury  Ironstone,  223. 
Claxby  Ironstone,  67,  214. 
Cleveland  ores — Avicula   Seam,  43, 
58-60;     Dogger,    Top   or    Oolite 
Seam,  42,  60,  61  ;  Eller  Beck  Bed, 
32;     general    notes    on,    44-45; 
Main  Seam,  12,  13,  40,  41,  44-53  ; 
Pecten     Seam,    43,     52,    54-58; 
Phosphatic  nodules,   61  ;    shales, 
etc.,  5, 42, 43,  53  ;  Two-foot  Seam, 
56-59. 
Frcdingham  Ironstone,  67,  78,  86-95, 

97-100  ;  clay  (San ton),  80. 
General  discussion  of,  1. 
Ironsands,      Seend      (Wilts),     221  ; 
Sussex,  229  ;   Yorkshire,  208-209. 
Kentish  ores — Corallian.    224.   225; 
KeUawavs        Rock,    225,      226; 
Weald  en,  227. 
Marlstone  ores,  Midlands,  etc.,   67. 

122,  123,  125-140. 
Northampton    Ironstone,    67,     146, 
147,  163-173.  176.  1  78-182.  185- 
191.   193,   196,    197;    non-oolitic, 
197,  198,  200-207. 
\\<  alden  ore,  2l'T. 
Westbury  i  re,  219. 
Ancaster,  127. 

Anticlines,  10,  '.''.'.  125,  146,  169, 186. 
Appleby.  74,  82,  86;    borings,  72,  82, 

102-106,  107;  shafts.  82,  102. 
Appleby  Ikon   Co.,   7i».   70.  86,  102, 

105,212.  214. 
Asfordhv  I'uniac,  s.  1 13,  131, 
Ashbumham,  226,  2:27. 
Ashby    Ville,    workings,    85-86,    99. 

101-102. 
Asbton,  boring  near.  168. 
At  lev  Bank,  38. 
Audleby,  212. 


Avicula  Seam,  Cleveland,  10,  18.  20,  22, 
23,24,25,35,45;  analyses  of,  58-60. 
Avon  Valley  Iron  Co.,  220. 
Ayton  Bank  Mine,  15,  36. 

Forge,  3  i . 

Mine,  15,  16,  36,  46,  53. 


Baker,  H.  W.,  and  Sons,  140. 
Banbury,  5,  119-120,  122-124. 

■ Common,  219. 

Barkston  (Leics.),  72. 

(Lines.),  107,  110,  112,  115; 

workings,  126-127. 
Barlow7,  Charles.  194-195. 
B?rnaby  Mcor  boring,  39. 
Barnett's  Mill,  228. 
Barrow,  G.,  19,  33,  62,  63. 
Barrowden,  150,   171,   189;    analyses, 

171. 
Barton   Seagrave,   151  ;    borings,   187, 

188. 
Basedale,  19. 

Basic  Ironstone  Co.,  131. 
Beauchamp   workings     (Frodingham), 

85-86,  98. 
Bedford,  boring  at,  153. 
Bedfordshire,  8. 
Behrendt.  Julius,  70. 
Belemnites,    92,    102,    103,    108,    109; 

zones,  21 1. 
Bell  Bros.,  Ltd.,  36,  55,  59,  17". 
Bell,  I.  Lowthian.  63,  64. 
Belmont  Mine.  16,  36, 
Belton  Ashes,  well  at.  165. 
Belvoir  Park.  128. 

.  Vale  of,  no. 

Benneriey  Furnaoes,  124  126,  177-178. 
Bennerlev  Iron  \no  I  qaX  I  0.,  132. 
Bare  Pans  boring,  226  :  analysis.  22,"). 
Berkeley   workings   ( Fn  d  ingham),   85, 

87-88. 
r.i>TwooD  Iron  Co..  131-132. 
Bewick,  J..  63. 
Bfflesdon,  L07,  ill.  114.  116. 
Billingliav,  boring  near,  L62. 
BJbdak>19,  28,  37. 
Bflston  Furnaces,  l.*i7. 
Binninghani.  218, 
'  Black  Hard/ Cleveland,  14,22. 
Blake.  J.  1'..  218,  221    223. 
Blake?  Mines,  Farndafo,  36, 
'  Bknneim  ore,'  124. 
Bbsworth,    1">-}.   166;    analysis,  206; 

workings,  205,  206. 
Blow  (iill(l>an'i  (Jill),  33. 
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Bloxham,  120,  124  ;  workings,  138. 

Bloxham  Ironstone  Co.,  138. 

Blue  Bell,  18. 

Bly  borough,  149,  158. 

Bolckow  Vaughan  and  Co.,  Ltd.,  36. 

Boltby,  38. 

Boothby  Pagnal,  well  at,  153. 

Borings,  in  Claxby  Ironstone,  212, 213  ; 
in  Cleveland,  28,  39-44  ;  in  Froding- 
ham  district,  72,  82,  86,  101-105, 
107;  in  Kent,  223-226;  in  Marl- 
stone  ore,  120, 134  ;  in  Northampton 
Ironstone,  151-153,  183,  187,  188, 
207  ;  in  Westbury  district,  216-218. 

Bottesford  (N.  Linc».),  71  ;  borings 
near,  101. 

Brook,  93. 

'  Bottom  Block,'  Cleveland,  16,  17,  39, 
40,  41  ;  analyses  of,  40,  41,  46-52. 

Bottom  Seam,  Cleveland,  (=Two-foot 
Seam),  20. 

Boulbv,  27. 

Mine,  15,  27,  36,  37. 

Boulder-Clay,  116-117,  129,  131-134, 
151, 169-170,  175-176,  178-181,  184, 
190, 193-194,  197,  199,201-202,  205. 

Bournemouth,  229. 

Box-structure  :  in  Marlstone  Ironstone, 
108 ;  in  Northampton  Ironstone, 
108,  143-144,  162-171,  177-187,  190, 
193-197,  202,  204-206. 

Bra  bourne,  224,  226. 

Brackleaham  Beds,  229. 

Brackley,  120. 

Brampton,  151,  157. 

Bransdale,  19,  37. 

Branston,  128  ;  workings,  129,  131. 

Brigstock,  151,  157,  183. 

Brixworth,  149,  151-152,  155,  189; 
analyses  of  ore,  191;  192,  206; 
workings,  191. 

Brixworth  Ironstone  Co.,  191. 

Brodie,  P.  B.,  120. 

Brotton  Mine,  15,  16,  22,  36,  58,  59. 

Brown,  E.  O.  Forster,  208,  224,  229. 

Brymbo  Steel  Co.,  138-139. 

Bucklandi  Zone,  71. 

Buckminster,  145,  149-150,  158; 
analyses,  168,  169;  workings,  165, 
167. 

Burford,  120. 

Burke,  Walter,  125-126. 

Burleigh  Park,  172. 

Burley,  150,  170. 

Burrow-on -the-Hill,  107,  111,  116. 

Burton  Hills,  workings,  140. 

Howe,  32. 

Burton  Ironstone  Co.,  192,  200. 
Burton,  J.  J.,  19,  42,  49,  52,  53,  64. 
Burton  Latimer,   145;  analyses,   193; 

workings,  192,  193,  198. 
■ ,  near  Lincoln,  107. 

Wold,  well  at,  193. 

Burwash,  227. 

Buston  Farm,  120. 


Butlin,  Thos.,  &  Co.,  161,  201. 

Buxted   227 

Byfield,'  120*  124  ;   workings,  135-136. 


Caistor,  212,  215. 

Calcite,  in  Cleveland  Ironstone.  12  ;  in 
Frodingham  Ironstone,  75-76;  in 
Marlstone,  108 ;  in  Northampton 
Ironstone,  171,  178. 

Calvert,  120. 

Canterbury,  230. 

Carboniferous  Limestone  as  flux,  119, 
161. 

Cardinia-beds,  76-77,  80,  93,  109. 

Cargo  Fleet  Iron  Co.,  Ltd.,  36. 

Carlin  How  Mine,  15,  22,  36,  55,  59. 

Carlton  Scroop,  115. 

Carstone,  211,  215. 

Castle  Bytham,  153-154. 

Castor  (near  Peterborough),  boring  at, 
153. 

Cat  Beck,  Kettleness,  27,  37. 

Scar,  Grosmont,  38. 

Cauldwell  Spring,  11. 

Caythorpe,  107,  113,  115;  working?, 
125-126. 

Cement  Works,  Irthlingborough,  198. 

Charlton,  W.,  19,  56,  57. 

Charwelton,  120,  124  ;   workings,  135. 

Chater,  River,  170. 

Chatterton  pit  (Frodingham),  85,  99. 

Chelveston,  151. 

Brook,  201. 

Cherwell,  River,  120  ;  valley,  122. 

Chilton,  225. 

Church  Mine  (Islip),  185. 

Stowe,  149,  152,  155,  156. 

'Cinder  Hills,' 31. 

'Clamps,'  84,  160,  168,  186,  197. 

Clapton,  boring  at,  153. 

Claxby  Ironstone,  7,  66,  67,  84,  210- 
215;  analyses,  214;  output,  215; 
reserves,  212. 

'  Clay-backs,'  133. 

Clay  Cross  Co.,  113,  187. 

Cleatham,  107. 

Cleaves,  38. 

Cleveland  Ironstones,  3,4,  5,  9-64, 107, 
110  ;  analyses,  12,  13,  40-61  ;  out- 
put, 35 ;  reserves,  35 ;  see  also 
Avicula  Seam,  Main  'earn,  Pecten 
Seam,  Top  Seam,  and  Two-foot 
Seam. 

Cliff  Mine,  15,36. 

Clixby,  211. 

Cloughton,  33,  34. 

Cochrane  and  Co.,  Ltd.,  36. 

Cochrane  and  Co.,  Woodside,  Ltd., 
137-138. 

Cogenhoe,  152,  155. 

Coleby  (Mid  Lines.),  150;  old  mines, 
1 64  ;  analysis,  1 64. 

(N.  Lines.),  71  ;   borings,  86. 
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Collyweston  Slate,  141  -142.  175. 
Colsterworth,     145;      analysis,      107; 

trial-ahaft  near,  1  66. 
Coneyaby  Bottom,  74,  85,  87. 
Corallian  Rocks,  ironstone  in,  3,  4,  6, 

7,216-220,223-225. 
Corby  (Lines.),  borings  at,  152-1  63. 
(Xorthants.),  154,   183;    analy- 
ses, 170  ;  borings  n>    r,  1  51  ;  furnaces, 
174-176;  Ironworks,  161  ;  workings, 
142,  174. 

Corn  brash,  31,  34,  141,  200. 

Cottesmore,  analyses,   170  ;    workings, 
169-170. 

Court  Green,  14. 

Cowdray  Park,  228,  229. 

Cowesby,  38. 

Crag  Hall  Mine,  15,  36. 

Cranford,  145,  151,  188,  192  ;  analyses, 
187;  workings,  150,  186. 

Cranford  Ironstone  Co.,  186. 

Cransley,  156;  old  workings,  190 
Ironworks,  155,  161,  190. 

Cretaceous  iron  ores,  3,  4,  7,  8,  66 
Kent  and  Sussex,  226-229 ;  Lincoln 
shire,  210-215  ;  Wiltshire,  220-221 
Yorkshire,  208-209. 

Crook  Beck  Rigg  boring,  43. 

Crooke,  A.,  70. 

Crosby,  85,  92  ;  workings,  85,  90,  93. 

Warren,  72,  90-92  ;   workings, 

85. 

Cross  Cliff  boring,  28,  44. 

Cross,  Rev.  J.  EL,  65,  71,  76,  106. 

Crowder,  W.,  63. 

Cmxton,  113. 

Culworth,  152,  156. 

Cunninoton,  W.,  220. 


Dairy  House  Farm,  218. 
Dalby  (Lines.),  212. 

,  Old,  (Leics.),  107,  113. 

Dalgltesh,  J.,  8Q,  i"><>.  156,  164,  209. 

Dalqlibsh,  R.,  113,  133. 

Iivm-.n,  EL,  221. 

Danbvdale,  19. 

Dan  by  Moor,  31. 

Danes  Camp,  analyses,  206;  workings, 

Darn  Holm,  32. 
Daventry,  1«»7,  119-120. 
Davtjes,  A.  Bl,  li2". 
Davis,  E.  P.,  124   126,  17". 

Dwvks.  W.  H.  \m>  »■..  79. 

Deddington,  123. 

I  teene,  161 . 

IVnf.nl.  161,  185. 

Denton,     l<»7.     111.     127-128,     !:>(• ; 

workings.  1  2s. 
Derbyshire,  rornaoss  in.  68,  161,  191. 

203;    Carboniferous  Limestone  of. 

1 1 '.).    101  :     Frodingham    In  nstone 

used  in.  - 


Derwent  Valley,  10,31,  38. 
Desborough,   151.   155-156;    analyses, 

179,  180  ;    workings,  178-179. 
Desborough  Co-operative  Society, 

179-180. 
Devizes,  220. 

Devon,  River,  valley,  115,  131. 
Dick,  A.,  11,62. 
Digby  boring,  153. 
Dilton,  216. 

Marsh,  216. 

Dimmingdale  boring,  39. 
Ditehford,  195;  analysis,  197;   work- 
ings, 196,  197. 
Dogger  Ironstone,  6,  148;   account  of, 
25-31  ;  analyses,  42,  60,  61  ;  borings 
for,  42-14  :   trials  in,  36-38. 
Dogsthorpe  boring,  153. 
Dolan,  A.  A.,  70,  140. 
Domesday  Book,  154,  226. 
Donington-on-Bain,  212-214. 
Dorset,  Abbotsbury  ore,  6,  221-223; 

Marlstone  ore,  120. 
Dove,  Major  G.,  65,  77-80,  84,  165. 
Dover  Colliery,  223-224. 
Dromon  by  Hill,  37. 
Drv  Heads,  31. 
Dudley,  137-138. 
Dunge  Farm,  218. 
Dunsley  Dale  End,  37. 
Duston,  144-145,  151-152,  155;    old 
workings,  204. 


Earl  of  Dudley  Co.,  139-140. 

Earls    Barton,     144,     149,     151-152; 

analyses,  203  ;  workings,  202   - 
Earls' Barton  Iron<t<>ne  Co.,  202- 

203. 
East  Ki'l  Iron  works  (Wellingbcrr  ugh), 

1 54 -i  «">.">. 
East  Side  Mine.  Crosmont.  20,  25,  60. 
Easton.Xfi.    160,    153.    173:     analysis, 
172  ;    workings,  172. 

Neat*  n,  analyses,  207;  boring 

near,   207  ;     Wi  rkings   Dear, 
206. 
F'-twell,  112-113.  115-116.  workings, 
131-132. 

F\-TWELL  TR0N<ToNF.  Co..   131. 

i:  :  r  .  1 14  :  workings,  130-131. 
Ebbw  Vale  Stbel  and  Coal  Col,  70, 

186,  196,198  201,221, 
Eden  Vale,  216,  2 is. 
Edgehill,  1 1  9,  120,  122-124. 

'  1 •'.. 
Egton  <  teange,  31. 
Elham,  224,226. 
Filer  Beck,  ironst*  no  Kxl,  .Tl 
Flu.  rth.  222. 

e,  4,  22'.'. 
Erewasfa  Furnaces,  12."). 
Ermine  Street,  82,  102. 
Eakdate,  19,  28, .';:>.  :;:  ;  BGnes,  2".  36, 

60. 
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Esk  Valley,  10, 17, 19, 24, 31, 34, 35, 37. 

Valley  Mine,  25,  36,  58,  59. 

Eston  Hills,  9,  10,  14,  15,  16,  19. 

Mines,  15,  36. 

Estuarine  Limestone,     141,     199-200, 
203  ;  as  flux,  204. 

Series,  (Lower  Oolite),  York- 

shire, 31 -34,  42-44;  Lin- 
colnshire, 71,  102  ;  North- 
amptonshire and  bordering 
counties,  141-151,  159, 
163-166,  169,  171-179, 
182-186, 190-197,200-210. 


109;  Historical,  79  ;  Mang.aniferous 
character,  67;  methods  of  working, 
82,  85-88,  90,  92  ;  output,  79,  81-82  ; 
reserves,  81-82;  thickness,  71-72, 
81,  86-88,  90,  92-93,  96,  98-102, 
105;   vertical  sections,  92-104. 

Frogmore,  216. 

Fryup,  Great,  and  Little,  19,  37,  38. 

Fulbeck,  107-108,  115;  analvsis,  125; 
workings,  121-125. 

Fuller's  Way,  222-223. 

Fulling  Bridge,  218. 

Fylingdales  Moor,  31. 


Falcon,  W.,  70. 

Fangdale  Beck,  37. 

Farming  Wood  Hall,  boring  at,  183. 

Farndale.  19,  31,  38. 

Farthlingloe,  224. 

Faults  ;  in  Cleveland,  10,  26,  39  ;  in 
Frcdingham  Ironstone,  74,  87,  88; 
in  Marlstone,  112,  116,  122,  132,  139, 
140;  in  Northampton  Ironstone,  145, 
167,  171,  173, 175, 180, 183-184,  190, 
192-193,197-200,204. 

Fawler,  124. 

Feliskirk,  18. 

Fenny  Compton,  140. 

'  Ferraria,'  1  54. 

Finedon,  143,  151,  197,  200  ;  analyses, 
195,  197;  workings,  150, 
194,  196. 

Park,  analysis,  195,  trial-hole, 

195. 

Finkel  House,  38. 

Firs  Spinney  (Whiston),  203. 

Fletcher,  James,  70,  99. 

Flixborough,  74,  85. 

Fluxes,  53,  69,  80,  83-84, 118-119, 125, 
142,  159,  161,  175,  183,  204;  self- 
fluxing  ores  and  mixtures,  161,  172. 

Folkestone,  224. 

Forest  Marble,  141,  222. 

Fossils,  167,  204  ;  in  Claxby  ore,  211  ; 
in  Frodingham  ore,  76,  92,  95-97, 
99,  103-104,  109  ;  in  Marlstone  ore, 
102,  106,  108-109,  124-128,  135, 
139 ;  in  Northampton  ore,  109, 143- 
144,  177,179,184,195,204. 

Foster's  Lodge,  200. 

Fotheringhay,  149. 

Fowler,  W.  C,  70. 

Fox-Strangways,  C,  62,  63. 

Fredville,  225,  226. 

Frodingham,  71-72,  79-81,  83-86,  95, 
98,165,209,213,215. 

Frodingham  Iron  and  Steel  Co.,  70, 
79,  85  -87, 90, 93, 95, 98-102, 1 66-1 67. 

Frcdingham  Ironstone,  3,  67,  71-105, 
214;  analyses,  78,  86-95,  97-100; 
area,  72,  81-82.  Cardinia-beds  in, 
76-77,  80,  93, 10  9  ;  composition,  77  ; 
Fossils  of,  76,  92,  95-97,  99, 103-104, 


Canister,  '  bastard,'  175. 

Garbutt's  Deposit,  Rosedale,  28,  29. 

Gault,  7,  216,  223. 

Gayton,     151-152;      analyses,     206; 

workings,  177. 
Gecldington,  125,  151,  176,  181,  183; 

analyses,  178  ;    ancient  furnaces  at, 

154  ;  workings,  177. 
Germany,  North,  '  Hils  '  iron-ore,  212. 
Gift'ord's  Farm,  227. 
Gimmer  Bank  Wood,  37. 
Girrick  boring,  39. 
Glacial  Drift,  107,  113,  115-116,  149, 

151,  159,  167,  197,  199,  205. 
Gladstone,  T.  A.,  60. 
Glaisdale,  19,  23,  31,  32,  38,  58. 
Mine,  36. 

Glebe  (Crosby),  workings,  85,  92. 
Glendon,    155,    189;     analyses,    182; 

workings,  182. 
Glendon  Co.'s  Finedon  Ironworks, 

155. 
Glinton,  boring  at,  153. 
Gloucestershire,  ore,  3,  5,  120. 
Goad  by,  111. 
Marwood,     116;      workings, 

131-132. 
Goathland,31,  32,  33. 
Goldsborough,  37. 
Goodmanham,  11,  208,  209. 
Gorwell  Gate,  222. 

Grange  Farm  (near  Frodingham),  100. 
Grantham,  6,  118,  127,  144,  149-150, 

152,  158;  165-166. 
Great  Houghton,  204. 

Oolite,  4,  141,  209;    Clay,  141, 

200,  210  ;    Limestone,  141-142,  145, 

153,  184,    187,    196,    199-201,  203, 
206;    as  flux,  142,  159,  161,  183. 

Greenhow  Bank,  Ingle  by,  52. 
Green  well,  G.  C,  216. 
Greetwell,  149;  analyses,  163;   work- 
ings, 162. 
Gregory,  J.  W.,  226,  227. 
Gretton,  154  ;  Plain,  176;  Wood,  176. 
Grey  Limestone  Series,  31,  33. 
Grimston,  107. 
Crinkle  Mine,  15,  26,  36. 
Grlnkle  Park  Mining  Co.,  36. 
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Grosmont,  10,  19,  38,  39,  55  ;  analyses, 

58-61  ;  Mines,  20,  23-25. 
Guiabrough,  10,  17. 
'Gulls,'    122,    145-148,   169,    172-173, 

177,  180,  186,202. 


Haceby,  boring  at,  152. 

Halfway  Bridge,  228. 

Hambleton  Hills,  34. 

Hamer  Moor  borings,  43-44. 

Ham  Lane,  218. 

Hampshire,  229-230. 

Hamstead ,  Isle  of  Wight,  230. 

Harby,  72. 

Hardingstone.  156. 

Harrington,  workings,  179-180. 

Harrowby  Lane,  127. 

Harston,  110,  113-1 15,  127  ;  workings, 

128. 
Hatch,  F.  H.,  64,  66,  87,  90,  92,  95, 

1.57,    139,   163,    165,    168-172,    179, 

187,  190-191,  195,  198,  203. 
Hawsker,  19,21. 
Havdor,  boring  at,  152. 
Hellidon,  120. 
Henderson,  J.,  70. 
Hengistbury    Head,    4,    8,    229-230; 

output  of  ore,  230. 
HENRYlIand  III ;  royal  furnaces,  154. 
Heslop,  C,  1  9,  39,  42,  46,  54. 
Hewlett,  H.  B.,  70. 
Hevford  Ironworks,  154-155. 
Beywood,218. 

Hickman,  Alfred,  Ltd.,  136. 
Higham  Ferrers,  well  near,  201. 
Hob  Hill  Mines,  15,  16,  36,  54. 
Hole,  219. 
Ho  lev  Intake,  31. 
HolhnWood,38. 
Holton-le-Moor,  215. 
Holwell,  107,  110,  112-114,116,118; 

analyses,  133  ;  workings,  132. 
Holwell  Iron   Co.,    70,    113,    118, 

129-133,  165,  167-168. 
Honington,  107,  115;    analyses,  127; 

workings,  126. 
If.  ok  V  rt< in,  120,  124,138;  analyses, 

139;   workings,  138-140. 
II. iraeoroft  Finn,  218. 
Howki.i..  M.  H..  124. 
Howss,  i:..  80,  L60,  156,  164,  209. 
Mi  dlbston.W.  M..  146,218,221-223. 

Mi  i.i..    K..    124. 

Hummersea,  21 .  84. 
Eundale  Point,  33. 
Hundleby  Lronstone,  212. 
HundoD,  21 5, 

Hunsbury  Mill,  workings,  206;  Iron- 
wi  irks,  162,  166,  161,  204-206. 

Hunt. lit!  Mine.  1  ;>.  36. 

Huntingdonshire,  209, 

HuNTLY,  BCaBQUXS,  <>k,  210. 

Hutchinson,  T.  C,  53. 

Hutton  Mine,  15,  36. 


Iburndale,  37. 

Lvlia,  manganese-ore  from,  16J. 

Inferior  Oolite,  4,  1 43,  151,  168; 
ironstones  of,  25-31,  66,  69, 141-207. 

Ingleby,  18,  32;  Greenhow,  19,  31, 
32,62;   Mine,  36. 

Irchester,  156,  workings,  202. 

Iron,  basic,  67-69,  85-86,  119,  185, 
206;  forge,  68, 118-1 19, 160  170,  185, 
197,  206;  foundry,  68,  118-119, 
160,  185,  197,  206 ;  grades  of,  68, 
118. 

Ironsands,  7,  208,  220,  221,  228,  229. 

Irthlingborough,  145,  199-201; 
analyses,  1 98, 

200-201;  workings, 
198,  201;  mines, 
150,  156,  195-196. 

Ironworks,  155,  161  ; 

furnaces,  201. 

Iso.  River,  valley,  151,  152,  181. 

[sham,  193. 

Islip,  151,  183,  197;  analyses,  185; 
furnaces,  145,  151,  155,  161,  183, 
185,  200  ;  mines  and  workings,  142, 
150,  183-185. 

Islip  Iron  Co.,  70,  142,  161,  183-185. 


Joints,  in  Marlstone,  113,  122,  136, 
138-139;  in  Northampton  Iron- 
stone, 169,  172,  180,2(»4. 

Jddd,  J.  W.,  66, 116, 142, 210, 212-2 15. 

Jukes-Browne,  A.  J.,  66,  212. 

Julian  Park,  31. 


Keeble,  J.  H.  171. 

Keeping.  H.,  211. 

Kellaways  Ruck  ironstone,  4,   6,  31, 

34,  225,  226. 
Kendall,  J.    L\,    64,    154,   214-215, 

219-22L 
Kent,  4,  6-8.  223-227,  230. 
Kettering,  142.  151-152,  155-156,  161, 

187-188,   190;    analyses,   182,   189; 

workings,  181. 
Kettering  Iron  fcCoALCa,  161,  17!>. 
188-189. 

Ironworks,       155, 

161,  188-189. 
Kettlei  ess,  21,  27,  37. 
Ketton,  I    B 
KlDNHR,  \.  .1..  70. 
KOdale,    18,    36,   37 ;    snejyses,    61; 

borings.  40-42  ;    Mine.  36. 
Killing  Pit?.  31,  33. 
Kilton  Mine.  10.  16,  LI 
Khnmeri  Ige  clay.  4.  7.  211.  213  216 

2  Is  520,  222-224. 
Kineton,  140, 
King  John's  Walk.  229. 
Kings    Sutton,    120,    124;     workmen 

136-1 37. 
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Kirby  Underdale,  7,  208,  228. 

Kirkby  Knowle,  38. 

Kirkham,  38. 

Kirk  Leatham  Mine,  15,  36. 

Kirton  Lindsey,  107,209. 

Kitching's  Deposit,  Rosedale,  28,  29. 


lamport,  151,  191-192. 
Lamport  Ironstone  Co.,  191. 
Iancashire,  furnaces  in,  161,  173. 
Langley,  228. 
Langton,  215. 

Lascelles  &  Shepherd,  36. 
Leadenham,     Marlstone,     107,     115; 
Northampton    Ironstone,    84,    150, 
158,  165;    analysis,  165. 
Leeds  Steel  Works,  92. 
Leicestershire,  3,  4,  5, 161  ;  furnaces  in, 
68,  113,  118;    ironworks  of,  66,  68, 
106-107,    109-111,     113-115,     119; 
Marlstone,     122,     127,     128,     115; 
Northampton  Ironstone,  168. 
Leigh  ton  Buzzard .  228. 
Leven   valley,  10,  19,  31,  33,  37,  42. 
Lias,  Lower,  ores,  3,  4,  66,  69,  71-105, 
120. 

Middle,  ores,  3-5,  9-25,  35-37, 

44-60,  66,  69,  71 ,  102, 106, 140. 

Upper,  4,  5,  10,  39,  43,  44,  71, 

102.  109-110,  112,  115-120, 
122-126,  129,  131-140,  143, 
153,  163-165,  167,  169,  176, 
186,  196-201. 

LlLLESHALL    Co.,    LTD.,    140. 

Lincoln,  107,  164-165;  Northampton 
Ironstone  at,    80,    84-86,    148-150, 

158,  162. 

Lincolnshire,  iron -ores  in,  3-7,  66-69; 
Claxby  ironstone,  210-215  ;  Froding- 
ham  d  istrict,  71  -105  ;  Marlstone  ore, 
106-119,  122,  124-128;  Northamp- 
ton Ironstone  in,  141,  144-150,  153, 
156-158,161-168;  Roach  Ironstone, 
215. 

Lincolnshire  Limestone,  71,  102,  109, 
142, 144-145, 153, 162-167, 172-175, 
177,  182,  190,  209;  for  fluxing,  119, 

159,  161,  175. 
Lincolnshire  Smelting  Co.,  79. 
Lingdale  Mine,  10, 15,  36. 
Linton  Hill,  222. 

Little  Moorsholme  boring,  39. 
Liverton  Mine,  10,  15,  16,  22,  24,  36, 

37,49-51,58. 
Lloyd,  S.  R,  70. 
Lloyd's  Ironstone  Co.,  70,  161,  174, 

176,  183,  187. 
Lockwood   Beck  Fault,  10. 

Reservoir  boring,  39. 

Loddington,      152  ;      analyses,      190  ; 

workings,  189. 
Loddington  Ironstone  Co.,  189-190. 
Loftus  and  Whitecliff  Mines,  15,  36. 


Long  Acres  Mine,  15,  36. 

Lorraine,  153. 

Loundale  borings,  41. 

Love,  W.  J.,  216,  219. 

Low  Seam  (=Avicula  Seam),  24. 

Lower  Cretaceous,  See  Cretaceous  ores. 

Greensand,  4,  8,  208,  220-221, 

224,  228-229. 

Stand  en,  224. 

Lowick,   151,  workings,   183-184. 
Luffenham,  150,  170  ;   South,  170. 
Lumpsey  Mine,  15,  16,  36. 
Lysaght,  John,  Ltd.,  70,  85-87. 


Macdakin,  J.  G.,  66,  150. 

Magnetic  iron-ore,  28,  31,  60. 

Main  Seam,  Cleveland,  5,  9-19,  35-37, 
39-53;  analyses,  12,  13,  40,  41, 
44-53;  composition,  11;  general 
description,  14-19. 

Manganese,  in  Cleveland  ore,  13 ;  in 
Claxby  Ironstone,  67 ; 
in  Frodingham  Ironstone, 
67,  78-79,  84  ;  in  Marl- 
stone ore,  67-68,  112; 
in  Northampton  Iron- 
stone, 67-68,  148,  160  ; 
surface-films,  108,  132- 
133 :  see  also  Analyses. 

ore,  161,  185,  206. 

Man  ton  (Lines.),  107. 

(Rutland),  156,  170. 

Marholm,  bcringnear,  153. 

Market  Overton,  150,  186;  analyses, 
169, ;   workings,  169-170. 

Weigh  ton  district,  11,  208, 209. 

Marley,  J.,  63. 

Marlstone  Ironstone  and  Rock-bed, 
3-5,  67,  106-140;  (see  also  Lias, 
Middle) ;  analyses,  122-123,  125- 
140;  area,  116,  123;  chemical 
composition,  111,  122-123 ;  fossils, 
106,     108-109,     124-125,     127-128, 

135,  139;  historical  account,  113, 
123  ;  output,  113-114, 124  ;  reserves, 
114-115,  123;  thickness,  114,  120, 
123-140;  as  building  stone,  120, 
123. 

Martin,  borehole  at,  152,  153. 
Maydensole,  225. 
Mayfield,227. 
Meade,  R.,  154-156,215. 
Med  bourne,  149,  156,  174. 
Melton  Mowbrav,  5,  131. 
Middlesbrough,  9,  118,  202. 
Mid  hurst,  7,  228,  229. 
Midland  Brick  Co.,  201. 

Coal,   Coke   &   Iron   Co., 

85,  87-88,  90,  92,  98,  203. 

Mid-Lincoln  Ironstone  Co.,  162. 
Ministry  of  Munitions,  70,  125-134, 

136,  169-171,  173,  176,  178-182, 
186-187,  189-191,  193,  195,  197, 
198,  200,  202,  204,  206. 
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Mollington,  12:?. 
Moor  Hill,  Rosedate,  30. 
Moorsholme  boring,  39. 
Morrison  and  Co.,  36,  68. 
Mount  Pleasant,  Derwent  valk 
Murk  Eak,  25,  38. 


Neils  in  Mine,  1 96. 
Neithrop  Fields,  1 1 9. 

ie,   I  liver,   L52 ;    valley,    L58,  201, 
203. 
Neston,  Easton;  see  Baston  Net 
Nettleton,  210,212,  21  !. 
Ironstone  :      see      ( !1 

Top  Farm,  212,  214 

Nevill  Holt,  165-166,  174. 
New  Cbakslby  Iron  and  Steel  (Jo., 
161,190. 

England,    near     Peterborough, 

boring.  1  53. 
a  Dale,  31, 
lanbv  .Mine.  15,  36. 

Park,  workings,  85. 

on-the-Wold,  21.3. 

Norman  ton,  115,  12.5-126,  150. 
Northampton,  151-1.32,  155-156,  161. 

Ironstone,  4,  6,  65-70  ; 

79-80,  84,  86,  141-207,  210;  area, 
L49-154,  1.57-158,  168;  analyses, 
146-147,  163,  16.5.  1(17-17."..  176, 
178-182,  185-187,         189-191, 

193,  19.5,  197-198,  200-207; 
ohemioa]  composition,  148:  distri- 
u.  66,  148,  150-154,  185,  187- 
188,  200,  202,  207 ;  fossils,  109, 
L43-144,  177,  179,  184.  195,  204; 
historical,  154;  methods  of  work- 
ing. 159,  162,  168-174,  176.  178, 
isii -| si,  is:;,  185  L86,  189,  191-193, 
L95-19S,  2D2-20.1.  206-207;  re- 
s,  1.37-1.31.!;  thicknesB,  141,  14.3, 
153,  L  62 -163,  165-182,  184-196, 
506;  underground  mining,  lis. 
150,  152,  L58-160,  162,  174,  183- 
185,  187,  198-197,  200,  207; 
workings,  number  of,  1.57:  di 

nit   of,   lines..  I « i _! :    Leics,  and 
Rutland.  Ids;    Northants,  172. 

Sand,      71.      102,      109> 


141-142.  111.  153-154,  165-168, 
l'.iti  -197,  200. 
Northamptonshire,  t,  <i.  120,  153; 
furnaces  in,  (is.  161,  L74,  183,  185, 
iss  190,  197,205;  aa  ofoo  Marlstone 
and  {Northampton  Ironstone, 

NORTHAMPTON3HIB1I     [ROXSTONB    Co., 

L35-136. 
Northdale,  30. 
North  Lincolnshire  Iron  Co..  79,  86, 

95,  172.  21  .{.2 14. 
North  Skelton  Mine,  H>.M.3.  36 

Vol.  xii. 


Nottinghamshire,  furnaces  in,  68. 
154-155,  161. 

Oakes,  Jambs,  and  Co.,  128,  131-132, 

186,  192-193. 
Oakham,  116. 

Oaklev  Si. I. 
Oldhaven  Beds,  230. 
Oligocene,  4,  229. 

Oolite  Seam,  (=Dogger  Seam),  4,  6, 
25-31, 

I  )olites,  Upper,  4,  ,  221-223  ;  Middle, 
4,  6,  34,  216-220,  223-226;  Lower, 
3-6,  25-31,  37-39,  42-44,  66,  69, 
141-207,  209,  210. 

Ooliti-  structure  of  ironstones,  11,  13, 
66,  72,  74-7.5,  108,  119,  125-126, 
L28-129,  130,  131,  133-139,  142, 
162  164-167,  169-173,  175,  177-182, 
184,  186,  190,  192-197,201-202,204, 
206,211,213-214. 

Orlingbury,  151. 

Ormesby  Mine,  1 .5.  36. 

Orton,  analysis,  190  ;   workings,  189, 
L90. 

Otby,  2 !  .3. 

Output  of  iron-ore,  Claxby  Ironstone, 
2 1 .3  ;  ( ileveland ,  3.5  ;  Fred  ingham 
district,  SI  ;  Marlstone  ore,  113-115, 
124  ;  Northampton  Ironstone,  156. 
157,  161,  162;  Seend  ore,  220. 
Westburv  ore,  216. 

Overton,  209. 

Lon  grille,  210. 

Oxford,  120. 

Clay,  -!,  6,  151,216. 

Oxfordshire,  Marlstone  ores,  3-5.  69, 
107,  119-124:  Northampton  Iron- 
stone, 152,  157. 

'Oyster-bed,'  193,  195. 

Pain.  Jambs,  Ltd.,  169-170,  181,  183, 

188-189,202. 
Bard  Gill  or  Blow  (nil.  33. 
Pabkgatb  Iron  and  SteelCo..  135. 
Parkin,  C,  64. 

Partington  taxm  and  StbblCo.,  173. 
Partridge.  \Y..  198. 
Pass.  !  74,  1  77. 

Peak,  44. 

Peask  and  Partners,  36,  43,  46. 
Peat,  74.  93,  95,  LOO. 
Pecten  Ironstone  (N.  Lines.).   71,   103, 

209;  output,  107. 
Seam,  10,  14.    18-25.    35,  45: 

analyses,  43,  52,  .34-.3S. 
•  Pen-earth."  192-193,  195. 
Penleigh.216. 
Percy.  J.,  154. 
Peterborough,  1.33. 
IVUTstield.  228. 
PHELLirs.  J.,  61 .  63. 
Phjpps,  P.,  Ezobs.  of  the  Late,  161, 

204-2C5. 
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Phosphatic    nodules,    61,    143,    163  ; 

analysis,  61. 
Phosphorus,  hi  Cleveland  ore,  12,  13; 

in  Frodingham  Ironstone,  67,  78-80  ; 

hi  Marlstone  ore,  67-68,  112,  137; 

in  Northampton  Ironstone,  67,  148, 

160  ;  hi  West  bury  ore,  218  ;  see  also 

Analyses  passim. 
Pick^ell,  107, 111,114, 116. 
Pickworth,  210. 
Pig-iron,  output  of,  155,  161. 
'  Pillars,'  185,  198. 
Phmgar,  72. 
Portland  Beds,  4,  7. 
Port    Mulgrave    or    Rcsedale    Mines, 

15,26,36,37,  61. 
Post  Gate  Hill,  32,  38. 
Pratt,  A.  K,  64. 
Preston,  H.,  70,  127. 
'  Pug-ganister,"  sand  used  for,  159. 
Pur  beck  Beds,  4.  7. 
Pyrites,  iron-,  4,  12,  13,  14,  45,  53,  201  ; 

see  also  Sulphur  Band . 
Pytchley,  151. 


Quarrington,  boring  at,  153. 


Raasaj7,  iron-ore  of,  3,  5,  110. 

Raisdale,  37. 

Raithwaite  Gill,  37,  61. 

Re  unci  s,  156  :  well  near,  201. 

Redboeen  Hill  Iron  and  Coal  Co., 

70,  79,  85-89,  95. 
Red  Chalk,  7,  208-209,  211. 

Well  (near  Wellingborough),  202. 

Reserves  of  iron-ore : 

Abbotsbury  ore,  223. 

Claxby  Ironstone,  212. 

Cleveland  Main  Seam,  17,  35 ; — 
Avicula  Seam,  25,  35; — Pecten 
Seam,  19,  35; — Top  Seam,  35; — 
Two-foot  Seam,  21,  35. 

Dover,  Corallian  ore,  224. 

Frodingham    Ironstone,    82 ; 

Marlstone  Ironstone,  Leicester  and 
Lincolnshire,  114-115;  Oxen,  and 
Warwick,  123. 

Ironsand,  Mid  hurst,  229. 

Northampton  Ironstone,  157. 

Seend  ore,  221 . 

West  bury  ore,  219. 
Ridlington,  150,  156,  170. 
Rievaulx  Abbey,  31. 
Riley,  E.,  219^221. 
Ringstead,  156,  185. 
Risby  Hall,  215. 
Roach  Ironstone.  211,  215. 
Robin's  Wood  Hill,  120. 
Rockingham,  151,  174;    Castle,  154; 

Forest,  154. 
Redden,  222. 


Romans,  their  use  of  Claxby  Ironstone, 
214;  Frcdingham  Ironstone,  79; 
Northampton  Ironstone,  154. 

Roseberry  Mine,  15,  22,  36,  58. 

Rosedale,  19,  26-31,  35;  borings 
around,  42-44:  East  Mines,  29,  30, 
36,  60  :  West  Mines,  28-30,  36,  60. 

Wvke,  26,  61. 

Rother,  River,  229. 

Roth  well,  179,  189;  analyses.  181; 
workings,  181. 

Hill,    189;     analysis,     181; 

workings,  180. 

Round  Oak  Furnaces  (Staffs.),  139-140. 
Rousby,  26. 
Runswick,  26,  37. 
Rushden,  153  ;  weU  near,  201. 
Rutland,  209;   iron  ore  of,  66,  69,  84, 
124,  145,  158;     workings,  168-172. 
RveDale,  31,  32,  34. 
Rvhall  Heath,  209-210. 


St.  Oswald,  Lord,  81,  85-86,  93,  95, 

97  99. 
Saltburn,  14. 
Saltersfcrd,  166. 
Samuelson,  Sir  B.;  &  Co.,  36. 
Sancton,  11. 
Sand,  blown,  74,  79,  86-88,  90,  93,  95. 

used  for  '  pug-ganister,'  159. 

Sand  gate  Beds,  228. 
Santcn  Clay,  80. 

—  Cottages,  97. 

Sar^on,  T.,  70. 

Scalford,  116. 

Scarborough,  33,  34. 

Scott,  H.  K.,  70. 

Scott,  Walter,  Ltd..  85.  92. 

Scctten  Dale,  208. 

Scugdale.  18,  37. 

Scunthorpe,     71.     79-80,   83,   85,   92, 

98,  209. 
Seaway  Lane,  222. 
Seend  irenstone.  7, 220  ;  analyses,  1^1  ; 

reserves,  221. 
Selham,  228. 

Semico  status  Z<  ne,  71-72,  7<>.  CO. 
Seven  River,  28,  29. 
Shaken  Bridge,  34. 
Shale  Band,  Cleveland,  15-18,  21,  39, 

40,  41  ;  analyses,  46,  47,  50-53. 
Sheepbridge  Coal  &  Iron  Co.,  85, 

90,  143.  169-170,  178-179,  189. 
Sheet,  228. 

Sheffield  Pit  (Frrdingham),  88. 
Sheffield,  Sir  Berkeley,  81. 
Shelton  Iron,   Steel  &  Coal  Co., 

203. 
Sheriff  Mine,  Rcsedale,  30,  60. 
Shutlanger  (SliuUk-hanger),  156  ;  work- 
ings, 206. 
Sibford  Ferris,  140. 
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Silica,  in  Claxby  Ironstone,  <>7,  214; 
in  Cleveland  ore,  12,  13,  15 ;  in 
Frodingham  Ironstone,  66,  77,  79, 
99 :  in  Marlstone  i  re,  67  -»>s ;  in 
Northampton  [ronsti  ne,  86,  I  W, 
160,  160,  172,  188-189,  193,  202; 
see  also  Anah 

Skegness,  211,  212. 
Beck,  24. 

Mine,  L5,  16,  36;    South,  15, 


16,  36. 


Park  Mine,  L5,  16,24   36. 
Tower,  34. 


53. 


Ltd., 


Skendlebj .  21  •">. 
Skillington,  158,  166,  168. 
Sldnningrove,  14,  IT. 

Skixs  im;i:.  )\  I.  1 1:<   \  '   <>..  27,  '■'>*>.  '■'•' . 

Slade,  River,  valley,  181,  188,  190. 
Slags,  ancienl  ;    Roman,  T'.i.  11."!.  154, 

214;   MedisBval,  31,37   154,226. 
Sleddale  borings,  Mi. 
Slipton  Mines,  183,  185. 
Snape  Wood,  227. 
Snatchill,  176. 
Snilesworth  M<  or,  .';] 
Somerset,  Marlstone  in,  120. 
Sorby,  H.  C,  13,  63. 
Sotjthhill   Ironstone   Mn  ras 

198. 
South  Skelton  Mine,  15,  16,  ."!'>. 
Mine  !.•>.  36. 

Wood  Mine,  15,  16,  22,  36,  56,  57. 

Sparrow.  It.  B.,  206. 
Spaunton  Moor,  :;.'; ;  boring,  12. 
Spilsby,  212,  215. 

Sandstone,  210-213. 

Spittlegate  Hill.  166. 
Spratton,  152,  156. 
Springwood  L>  dge,  102, 
ordshire,     118,    206,    \ 

furnaces,  L61,  187,203. 
Stain  by,  150,  158 ;  workings,  167. 
Staithes,  21, 24, 26,  27. 
Stamford,  86,  150,  153,  155  156, 

210. 

.  224. 
$how  Mine,  10,  15,  16,  36. 
Staniland,  M.,  214. 
Stanion,  151,  is:; ;  well  at,  176. 
Stanton    Ironworks   Co.,    to. 

126-128,     131-132,     134,     L80 

190,  196-198,  203. 
S'rwnrv  Coal  &   Iron  <  o.,  '• 

128,  131-132,  186,  192-193,204. 
Stavordale  Wood,  222. 
Stead,  J.  I-:.,  ll  -13,  64. 
Steel,  basic,  67,  68,  79,  119,  201. 
making,  basic  88,  80,  83    85-86, 

118-119,  Kll.  185,201. 
Steeple  taton,  I2i.  1 52,  I 
Stingamire  <  Mil,  -".7. 
Stoke  (Rochford  i.  I 
Stowe  Ironworks,  1 55. 
Strab  \n.  Sir  \..  21 1. 
Sturminster  New  fcbn,  219. 


229; 


172, 


Hi. 
181, 


Sudborough,  145,  151,  183. 
Sulphur,  in  Cleveland  ore,  13,45,     16; 
in    Frodinghan  ae,     *»T  — *>->. 

7:..  78  B0,  83,  88,  96;    in  Mar] 
[ronsl  18, 112;  in  Northamp- 

ton   Ironstone,    o7.    148.      Set    also 
Ana] 

—  Hind  (Cleveland  ).  !*.  45.  40  ; 

analj  aes,  46,  53. 

Sum". .  229. 

7.  -v.  226 

Swainby,  10,  18,  37;   Mine-.  10,  18, 

Swalcliffe,  124. 

tlley,  122. 

Sydenham,  120,  124. 

Synclines,  in  Cleveland,  10;  in  North- 
ampton I'  ,151. 


-  Hall,  38. 
'Tap-cinder,'  161. 
Tati;.  R.,  am.  J.  F.  Blake,  63. 
Tatloi  k.  II.  1:..  lnd  Thomson,  227. 
Tealby,  7.  215;    (lay.  210-211,  - 

Limestone,  211.  21."..  21  5. 
Tku.[..  Sib  .1.  ■(.  H..  218. 
Tees  Furnace  I  !o.,  36. 
Tertian-  iron-ore,  4.  B,  229  -230. 
Tliealby,  71,  83;   analysis,  86;    work- 
ings.* 85-86. 
Thimbleby,  is.  19,  38. 
Thompson,  Bsbby   66,  141-145,  210. 
Thorpe  Ma lsor,  188;    analysis.   189. 

Underwood,  179, analysis,     - 

Thrapston,  156. 

Tilt   ii,  107,  110-111.  115-116;  • 

ings,  134. 

•  Mine,  15.  36. 
Top  Klo.-k.  Cloveland,  ll  41  : 

analj  a  a,  10,  ll .  16  -".2. 
Seam,    Cleveland,    25;  rilso 

I  >  g 
I  iter,  1  14,  148-149,  151-152,  156; 

\\  ■  rkings  near.  206. 
Mineral  &   Brick  I  i  .. 

206-207. 
st  [rob  I         3       85-86,    93-94 : 

workings,  86,  93. 
Trials  for  ore,  <  leveland   list,  37 

Northampton     Ironstone,    184-185 

187-188,  193,  195,200. 
i  w.  A.  E.,  76. 
Twi  8-24,  36 : 

analyses.  56-59. 
Twywell,  185;    analyses.  18<i. 
Tvi.or.  A..  229. 


Dpleatham  Mines.   15.  16,    17,   10.  22, 

36,  54 . 
Uppingham,  150  :  analyses  of  ore.  171  ; 

workings,  170. 
Upsal]  Fault.  10. 
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Vanadium,  219. 

'  Variable  Beds  '   (Northamptonshire), 

141-142.  144,  148,204-206. 
Vittoria  Plantation,  38. 


Waddington,  150  ;  old  workings,  164. 

Wad  hurst,  227  ;   Clay,  226. 

Waldron,  227. 

Walk  Mill  Force,  32. 

Wakerley,  145,  150, 158,  171  ;  analysis, 

173  ;   workings,  173. 
Wales,  South,  138;  161,  201,  229. 
Waltham  Iron  Ore  Co.,  128-130. 
Waltham-on-the-Wolds,  150  ;  analysis, 

168;    old  workings,  168. 
Wartnaby,    107,    110,     112-116,.    132, 

analyses,  134  ;  workings,  133. 
Warwickshire,    iron-ore   of,    119,    124, 

140  ;   furnaces  in,  161. 
Washingborough,  156,  163. 
'Wash-outs,'  112-113.  127. 
Waterfall.  24,  36. 
Weald  en  ironstone,  4,  8.  154,  226,  227  ; 

analyses,  227. 
Weed  on,  154-155. 
Weekley,  analyses,     182  ;      workings, 

181. 

Hall  Wood,  borings,  183. 

Welbourn,  107,  115. 
Weldon,  158,  174,  183. 
Welland,  River,  valley,  171.  173. 
Wellingborough    152,    197-202,    210  ; 

analyses,   198;   furnaces,  197;  Iron- 
works, 1.54-156,  161,  193,  201. 
Wellingborough     Iron     Co.,     161, 

194-195,  197,  201. 
Wells,  152, 1 53,  193,  200-202,  204. 
West,  G.  H.,    229. 
West     Halton,    209;  borings    at,  86. 

Side  Mine,  Crosmont,  20,  24,  36. 
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